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EVALUATION OF COLORADO CLAYS 
FOR SEALING PURPOSES 
R. !). Dtrm<'y<'r, J r .. I and ,\I. 1\I. Sk11111c,:! 
ADVANCE 
Work on canal and pond sealants was started at 
Color ado State Univers ity in 1953. The current 
study, started in 1960, r elates to the possibilities 
of using Color ado c lays for sealing purposes. 
The early part of the current study involved 
sampling and labor atory evalua tion of clay de-
posits located throughout Colorado. The later 
phases of the study involved field trial s des igned 
t o evaluate clays as sealants fo r Colorado cana ls 
and ponds. In addition, commercia l deve lopment of 
suitable depos its has been encouraged. 
For the convenience of the busy reader, the re-
sults of the work are s ummarized in this section. 
The summary provides information on c lay spec i-
fications and c lay sealing methods . The section on 
Evaluation of Field Ins tallations pr ovides the s up-
porting data concerning methods of application. 
The supporting data for the c lay specifications is 
in the section on Evaluation of Clays . 
Of the many materials used in canal and pond 
sealing work, the c lays are commonly the lowest 
in cost s ince they are available locally in many 
a r eas. They are a lso the m ost misus ed and mis-
understood of the sealing materials . Thi s report 
gives information pe rtaining to the design and 
control of c lay appli cation for sealing purposes . 
The evaluati ons of this study, pertaining to 321 
samples of c lay and 132 c lay installa tions in cana ls 
and ponds, indicate the m a jor pr oblems in the use 
of clays as sealants are : 
1. In lack of locally deve loped c lay deposits 
suitable fo r sealing purposes in canals and ponds . 
2. Inadequate preparation of s ite prior to seal-
ing ope r ation. 
1 P rv1<>c t" /ear/Pr and 2ass1slant cn•d <'ng,n<>er, CH·rl /.:.' ngmecrm[?, Secl1on, 
Colorado /\gnr ultural C x/u·nmc•nt S ta t ion . Colorado S ta le U11111ersity . 
SUMMARY 
3. Inadequate design and construction cont r ol. 
4. In lack of good fo llow-up maintenance . 
Favorable Locations for Clays 
The wide variety of Colorado c lays makes it 
difficult to generali ze on the appearance and oc-
currence of c lay (or bentonite) suitable fo r sealing 
purposes. Briefl y, the best c lays are commonly 
found in deposits with the fo llowing features : 
1. Found in badland areas - - The outcrop a reas 
of depos its usually a r e bare of vegetation. 
2. Outc r op c lay gr anular or gummy - - When dry 
the exposed clay is comm only loose and granula r 
(like coar se sawdust) and when wet it is usually 
ext r eme ly gummy and s lick. 
3. Va rious colors - - The c lay is found in many 
colors with r ed, gr een, ye llow and white most 
common. 
4. Several geological fo rmations -- The most 
common geological formations in which the clays 
occur include the Morrison, Benton, Mancos, and 
r ece nt Te rtiary fo rmations. 
5. Various types of deposits - - Almost a ll of the 
best depos its of Colorado c lays have occurred in 
e ithe r Tertiary volcanics and their de rivatives or 
olde r sedimentar y formations, s uch as the Morri-
s on fo rmation of J urassic age . Some acceptable 
c lays , howeve r, are fou nd in other types of de-
posit s, such as recent lake bed deposits . 
Whether the material unde r consideration for 
s ealing purposes is. called si lt , c lay or bentonite, 
it must obvious ly be wate r-tight or impermeable 
t o be satisfactory. This characteristic is easily 
determined by labor ato r y testing. 
Tentative Specifications 
Tentative specifications for three general types 
of sealing clay are listed below: 
Tes t Trpe I C lay ' Type II C lay ' Trpe II I C la y" 
ll igh- swell ben tonit c Low- s\ve ll bc nt oni te \'('ash- in cl ay 
L ayer permeability 0 .005 ft . Ja)• 
or less 
Filt e r permeability 10.0 ml. min. 
or le ss 
F re e s well 600~ or more 
Mix index 
IOO "'c passing 3/8- inch screen 
Moi s tu re conte nt 15~ or less 
Co lloidal )'ield SO"t or more 
Grit c ontent IO'c or le ss 
• used main ly fo r laye r applications 
** Used mainly for was h- in app li cati o ns 
0 .005 ft. ; dar 0. 005 ft ./day 
or l ess or less 
10.0 ml. mtn . 10 .0 ml. r, 1n. 
or less or !cs!:> 
50 to 600'o 
.iQI'~ or mo re 
' 4-in ch sc ree n I - inch sc reen 20~ or less 20"'.~ or l ess 
40C'~ o r more )Oc-~ or more 
20~ or less )0~ or less 
These specifications were developed in coopera-
tion with the Soil Conservation Service and the 
Agricultural Stabilization and Conservation Serv-
ice in Colorado. They may require modification 
for extreme conditions such as sealing open rocky 
materials where extra amounts of grit or sand-
size particles may be required for satisfactory 
sealing. Additional experience may also indicate 
the need for modifications at a later date. 
In comparing the various clays used in the 
Colorado canal and pond sealing work with the 
specifications outlined above, two conclusions 
apply: 
1. Virtually all suitable Colorado clays tested 
in this work are of Type II or III. Few, if any, of 
the Colorado deposits will consistently yie ld Type 
I clay. 
2. A Wyoming bentonite of drilling mud quality 
(90 bbl yield or more) will usually qualify as a 
Type I clay. 
Clay Producers 
A tentative list of clay producers is outlined 
below: 
River basin Name Depo s it No . Town Typ e 
North Platte Co lccr S-89 Wa lden II 
South Platt e t,.fonroe S-33 Fon Collins II ' 
Conda S- 37 ~fars hall II I 
Ark ans as Lambe rg S-49 Sa l id a Ill 
Ke ss ler S-34 Ca non C it y Ill ' 
Dill ey S-28 Canon City III 
S tough S-44 L as Animas II 
Butterfiel d S-44 Las Anima s II 
Rio Gra nde Cowan S-40 Mosca III 
San Juan Flora S-1 01 Durango I I* 
Colorado Rump S-4 2 Gra nd Jun c ti on II 
Redland s S-42 Grand Jun ction II 
Ke ll ey S-11 3 Grand Jun cti on II 
Well s S-42 Fruita II' 
*Tentative class ifi cation - info rmation rega rdin g ex ce nc and characte r of deposit 
is incomplete. 
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Quality Control for Clays 
The major quality control problems, such as 
high moisture content, variability of clay, and 
oversize lumps of clay, can be controlled satis-
factorily, in most cases, by the following: 
1. Exploration - - Before opening a clay pit, ex-
plore and classify the clay materials by test drill-
ing or trenching, representative sampling, and 
comprehensive testing of the samples. 
2. Pit ope r ation -- Remove overburden from a 
large, south-sloping area of the deposit (in excess 
of one acre, if possible) and harrow inplace clay 
during dry weather. This will promote air drying 
and breakdown of clay lumps. 
3. Stockpiling and Screening -- Stockpile the 
clay after air drying, remove from stockpile so as 
to obtain maximum mixing of clay, and process the 
clay through a 3/ 4-inch screen (or smaller) before 
marketing. In many cases, the nonclay materials 
will be concentrated in the material rejected by 
the screen. 
Preliminary Preparation of Canal or Pond Site 
Prior to the c lay sealing work, the. leaky canal 
or pond should be cleared of vegetation and other 
debris, and the eroding areas protected with gravel 
or riprap. Inadequate site preparation is a com-
mon failing of many of the installations evaluated. 
Inadequate erosion control is also a commonprob-
lem, especially in canals _and ponds situated in 
fine materials, such as sandy to silty soils. A 
stable channel in canals and beach line in ponds is 
vitally important to long life of clay sealing. 
Clay Sealing Methods 
Site conditions vary widely, thus, the installa -
tion methods also vary. The most common clay 
sealing methods are: 
1. Wash-in method -- Clay is washed into flow-
ing water at head end of canal section to be sealed. 
2. Multiple - dam method -- Clay is washed into 
water from dams spaced at regular intervals in 
canal section to be sealed. 
3. Pure membrane method--The canal or pond 
section is overexcavated at least 6 inches, the clay 
membrane and its protecting cover is then placed. 
4. Mixed layer membrane method-- The clay 
is mixed and compacted into the t op 3 to 6 inches 
of the subgrade materials of the pond or canal. 
In general, the wash-in and m ltiple-dam 
methods are best suited for sealing coarse mate-
rials, such as fractured rock, gravel, and coarse 
sand, whereas the membrane methods are best for 
fine materials, such as fine sand and sandy silt. 
One major exception to the above ar ises when 
the canal or pond water is hard , (high in calcium 
and magnesium) or high in salts/ Wash-in meth-
ods should not be used in hard or salty water 
areas, 
Suitable sealing clays are usually sodium c lays; 
they are almost always 10 percent or more so-
dium-saturated. When a sodium clay is mixed into 
hard water, it will be changed immediately t o a 
calcium clay . When a calcium clay is deposited in 
the leaky zones of the canal or pond, it will be 
much less effective as a sealer than its sodium 
counterpart. The use of a dispersing agent, such 
as sodium tripolyphosphate, will temporarily con-
trol the changing of scxlium to calcium clay but 
will not stop the ·reaction permanently if the nor-
mal canal or pond water is hard. 
In hard water areas, it is best t o place the clay 
as a compacted and covered material rather than 
as a sedimented or wash-in material. This -is also 
true for salt water areas. 
Sealing of Coarse Materials 
This study indicates the sealing of coar se ma-
terials is best accomplished with the wash-in 
methods except in areas where the water is high 
in salts or hardness. The membrane methods may 
be used, but in heavy rock sections especially, 
overexcavation of the section is expensive and 
mixing of the clay into a r ocky subgrade material 
is not usually feasib le. The stability of channels in 
coarse materials is usually excellent. Further-
more, the seepage rate is usually high. Thus , im-
mediate benefits of clay sealing in coarse materi-
als are comm only of a much higher magnitude and 
frequently last much longer than those for treat-
ments in fine-grained s oils. 
Coarse materials with fines -- Under ideal con-
ditions, the coarse materials of the channel or 
pond bottom and sides have an increasing content 
of fines with depth. With this condition, the clay 
sealing takes place beneath the surface on the 
finer-grained materials and is protected by the 
coarse grained materials of the surface layer. 
This ideal condition is not unusual in mountainous 
areas where coarse m aterials a re prevalent and 
where, with time, the flowing canal water r emoves 
the fines from the surface layer, leaving a plating 
of coarse gravel, cobble or rock. Owing to wave 
action, the same condition will develop along the 
shoreline of some ponds in coarse materials. Seal-
ing produced with the wash-in methods under these 
conditions is protected from erosion and, t o some 
extent, from the disturbing actions of freezing and 
drying. 
3Accordrng to ,\lc\amec ( 32!°, the uf,pc-r /111111 uj salt co11tc-11/ 1s -,00 ptnn 
total salts vr an el<'rlnral conrlurt it•ity <J/ 625 m1cru111hos. 
' Numbers 1n parentheses re/er lo /_1/craturc Ci ted 011 f>aR<' 3). 
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Coarse materials without fines -- If the coarse 
material lacks the neces sary fines in depth, the 
sealing clay, when washed into place may, pene-
trate but will not stop or seal. In this case, as in 
canals trave rsing rock talus slopes, the inter-
mediate particle s izes in the silt and sand range 
are needed as bridging agents . They must, there-
fore, be furnished along with the sealing clay dur-
ing the wash-in procedures to produce an adequate 
sealing action. Wet sawdust has been used suc-
cessfull y as the bridging or void-plugging agent in 
remote alpine a reas where sand- and silt-size 
materials are not readily available. 
In extremely open rocky zones, and prior to the 
wash-in work, it may be advantageous to fill the 
large holes and crevices in the bottom and banks 
with a mixture of clay and a sandy silt filler ma-
terial. Use one part Type I, II or III clay with five 
to ten parts of a filler soil, such as a sandy silt; 
then followup with a wash-in treatment with an 
acceptable clay (Type III). 
Amount to use - - The type and amount of clay 
needed to produce an acceptable seal will vary 
with conditions. However, in most coarse materi-
a ls, a Type III clay is best. The amount used in 
past installations has varied from 9 lbs./ sq.ft. of 
canal or pond area in coarse open materials to 
1 lb./ sq.ft. as a minimum for coarse materials 
with considerable fines. 
Sealing of Fine Materials 
This research work emphasized development 
of wash- in methods for sealing coarse materials 
and not much work was done on clay sealing of 
fine materials , such as fine sands and silts . The 
available experience, however, indicates several 
conclusions: 
1. The best methods for using clay in sealing 
fine materials a re the membrane methods; both 
mixed laye r and buried laye r in either canals or 
ponds. 
2. The wash-in methods are not recommended 
for use in fine materials, except perhaps where 
the fine materials are pr otected with gravel or 
rock riprap and where the wash-in clay can pene-
trate into the riprap layer. 
3. A cover layer of riprap is required on mem-
branes- - both mixed and pure laye r--in areas sub-
jected to high water ve locities, cutting by waves, 
wading or burrowing anima ls, fluctuating water 
depth, or active root gr owth. 
4. Accurate measuring of seepage losses from 
canals in fine materials , before and after clay 
sealing, is usually a difficult and expensive pr ob-
lem. Seepage losses into fine materials are often 
about the same size as the errors of measurement 
methods, commonly in the range of ± 5 percent. 
5. Chemical methods of sealing fine materials 
show promise and seem worthy of intensified re-
search. 
Amount to use -- The type and amount of clay 
needed to produce an acceptable seal will vary 
with conditions. In general , the minimum applica-
tion rates for fine materials are as recommended 
below: 
Leaky soi l 
Clay 
Sandy silt 
Si lt y sand 
Clean sand 
Method recommended 
Buried pure membrane 
Mixed blanket 
Mixed blank ct 
Mixed blanket 
Min. application rate 
1.0 lbs./sq.ft. • 
1.0 lbs./sq .ft. • 
I. 5 lbs . / sq .ft.• 
2.0 lb s . s q. ft.• 
•Type I or II clay - as a powder or as granu les (up to wheat s i ze). 
To assist in the layer application of clay, the 
following information may be helpful: 
Appli cation l bag(IOO lbs.)/square Approx . thick. Approx . 
ra t e of layer tons / ac re 
2 lbs./s q. ft. 7 ft. by 7 ft. 5/ 16-inc h ' 44 
1. 5 lbs ./sq.ft. 8 ' 2" by 8 ' 2" 1/ 4- inch " 33 
I lb./sq.ft. 10 ft. by 10 ft. 3/ 16-in ch' 22 
• coarse granu l ar to lumpy ·grades of clay can be used but can not be sp read 
in layers this th in. 
Follow-up Maintenance 
The need for this type of work is frequently 
overlooked or disregarded. Follow-up work is 
needed especially when there is: erosion or under-
cutting of banks ; movement of bed sand along bot-
tom (of canal as dunes); burrowing or rooting by 
animals, such as crayfish, earthworms, muskrats, 
pigs, raccoons, etc.; growing of plant roots (or 
rotting of roots when plants are killed by spray-
ing); and careless cleaning of sealed canals and 
ponds. 
In general, clay-sealed ponds and canals in 
coarse materials will require less maintenance 
than those in fine-grained soils, but in any case 
repeat or follow-up treatments are re commended. 
The best time for the repeat treatments in 
gravelly to rocky canals is in the spring, added to 
4 
the first water into the dry canal. A treatment 
consisting of 10 percent of the original amount of 
the clay treatment is the usual rule-of-thumb 
guide for the follow-up work. This requires chang-
ing to fit the canal condUions, and in some cases 
retreatment each year may not be needed. Main-
tenance work in ponds is best accomplished when 
the pond is dry or at its lowest water level. 
Costs to Benefits 
Of the various jobs evaluated, the most favor-
able ratios of costs-to-benefits from clay-sealing 
were found in the mountainous areas of Colorado. 
Here it is common to encounter canals that show 
a 50 to 100 percent loss late in the summer, at a 
time when water is most needed. In these areas, 
conditions may be unfavor able for conventional 
canal (and pond) linings for several reasons, such 
as high construction costs, frost action, etc. Rocky 
to gravelly materials with high seepage losses are 
common in such areas and benefits of clay- sealing 
may be immediately and strikingly noticeable. 
Several installations were noted where a 100 
percent loss occurred late in the summer and 
where clay treatment made deliveries of water 
possible. In some instances, the costs of sealing 
were recovered by benefits during the first season 
fo llowing the clay treatment. 
Because losses into fine grained materials are 
commonly much lower than for coarse grained 
materials, it generally takes a special set of con-
ditions to produce a short term pay-out of costs 
by benefits. For example, in an irrigation system 
where short supplies of water place a high value 
on the late summer water--and especially where 
intermittent operation is required- -clay-sealing 
with the first water into the dry canal may save 
sufficient water in 1 or 2 days of operation to pay 
for the clay. 
New Research Needs 
One research and development need indicated 
by this work, relates to the use of water-borne 
chemicals for sealing canals and ponds situated in 
fine grained materials. The use of chemicals for 
sealing, such as sodium chloride (NaCl) and so-
dium carbonate (Na2C03), is, of course, not new 
but dependable design and installation procedures 
are needed. 
INTRODUCTION 
Seepage loss from canals and reservoirs in 
Color ado is a serious problem. It is estimated 
this loss totals about 2,500,000 acre-feet peryear. 
In this research involving 132 canal and pond 
sites, canal losses ranged from 100 percent (or 
tot a l loss) in some systems late in the summer to 
one outstanding minimum loss of less than 3 per-
cent in 8 miles of a relatively large unlined canal. 
Pond losses ranged from as high as total loss 
overnight to a minimum of about 1-inch drop in 
water level in 24 hours. 
The above losses are total losses consisting of 
not only seepage but also evaporation from water 
surfaces, transpiration from water-line plants, 
and miscellaneous leakage. Seepage usually is the 
major part of the loss (1, 2), except perhaps in 
large relatively-shallow reservoirs where evap-
oration may be dominant. 
In most cases, the seepage loss is not a per-
manent loss. Water seeping from canals and ponds 
may se rve as a major source of recharge water 
for nearby wells. Also part of the water may reach 
the main river channel as return-flow supplement-
ing the water supply for downstream water users. 
Usually, however, the disadvantages of seepage 
losses overshadow the advantages . Pa rt of the 
seepage water may be lost by evaporation and 
transpi r ation from nearby seep-damaged areas . 
Soluble salts may be concentrated in the seep 
areas and in the water draining fr om the seep 
areas. Perhaps the most serious problem, how-
ever , is that the water lost as seepage is s eldom 
available for use by those who originally stored 
and diverted it. 
Seepage Control Practices 
Although seepage problems are widespread in 
Color ado, relatively little seepage control of a 
dire ct nature, such as canal and pond lining, is 
being accomplished. This is especially true of the 
larger supply canals. In some areas of Color ado, 
considerable concrete lining work is being accom-
plished in the small on-farm ditches. In some 
areas, indirect methods of control, such as drain-
age• ditches and tile lines, a re utilized widely, but 
drains do not reduce and, in fact, generally tend to 
increase the amount of seepage loss from nearby 
canals and ponds. 
Apparently, cost is the main deterrent to the 
widespread use of canal and pond linings . F or ex-
ample, using an ave rage cost of concrete of $2.50/ 
sq.yd. (unreinforced--3- to 4-inch thick) (3), costs 
per mile of canal may be estimated as follows: 
5 
Large canal (100 ft. 
wetted pe rimeter) 
Small canal (10 ft. 
wetted pe rimeter) 
$150,000/ mile 
15,000/ mile 
Thus, the cost factor can assume work-stopping 
pr oportions when applied to the miles of canal that 
need lining in any given area or district. 
In summation, the need for comprehensive pro-
grams of canal and pond lining or sealing is read-
ily evident in many, if not all, of the irrigated 
a reas of Colorado. Financing of the needed work 
is a common but not insurmountable pr oblem. This 
problem is being approached in several ways. One 
method involves Federal loans (USBR) or cost-
sharing (ASCS and SCS) for installation of time-
tested linings or sealings. Another method relate s 
to resear ch and development programs aimed at 
reducing the costs of linings and sealing--while 
maintaining an acceptable level of sealing effi-
ciency. 
This report outlines results of investigations 
into the possibilities of utilizing local clays that 
are now available at low cost in most areas of 
Colorado. 
Previous Work 
Clay has been used extensively in a wide vari-
ety of application methods, such as buried mem-
branes and compacted laye rs (4). It has also been 
used as a s ilting 4 material. Since the emphasis of 
this work is on low- cost methods of application, 
the silting methods are of vital interest. 
As general background, the wate r supplies of 
many irrigation projects are changing from inter-
mittently muddy to pr edominantly clear. This is 
caused by a variety of conditions, such as the con-
struction of upstream reservoirs that trap sedi-
ment. This long-time trend toward a decrease in 
sediment content causes increased seepage loss 
from canals, increased scour and erosion of canal 
bed and banks, increased slumping or sliding of 
earth s lopes below canals, and increased growth 
of underwater weeds (5, 6). 
Silting with various materials has been tried 
by many irrigation gr oups, some with outstanding 
success, but many with little or no favorable re -
sults. Best silting results usually have been ob-
tained where the canal bed and bank material is 
4Silting is a catch-all term, meanmf/ the incidental or intended deposi -
t.ion of sedunent from water. 
coarse-grained, such as coarse sand, gravel, or 
fractured rock. Penetration of silt into the coarse 
materials occurs easily and a relatively long life 
of seal is obtained provided, of course, that the 
silting material is watertight. In fine-grained 
materials, such as silty sand or sandy silt, even 
the most favorable silting material , such as a 
high-swelling Wyoming bentonite, will tend to form 
a surface seal of short life 5 (7-16). 
Laboratory flume studies provide useful infor-
mation on the difficulties encountered in sealing 
fine-grained bed materials. During investigations 
by Simons, et al., (17), into prope rties of water-
clay dispersions and their effects on flow and 
movement of fine bed sand, several obse rvations 
were made that relate to clay sealing of bed sands: 
5. \ romprchensn <' rr11Cu, "C/a, r1s a Canal Sealant." h., R. n. Dume\ rr 
11,// appear 111 l?e1 ,Cu \ '0/1111:( II , n u 1s1011 11/ F11}!.!ll<' <'rtflf!, Geo/of!.) . 
Geolug,cal Suc1c/_\ o/ . \ mcncr1 r schcd11/et! /or pn11/111g - /111/ u/ I% ~ ). 
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1. Depth of scour - - The depth of bed movement 
of fine sands is usually about 20 percent of the 
flowing water depth--but it may be as much as the 
depth of flow. 
2. Deposition of clay-- Clay tends to deposit at 
the depth of maximum scour, beneath the drifting 
sand. Maximum depth of clay burial by sand usual-
ly occurs under conditions of maximum water flow 
and depth. 
3. Removal of clay -- Clay deposited beneath 
the zone of drifting bed material is removed rela-
tively fast when conditions of clear water flow a re 
renewed. 
Because of the difficulties in obtaining good 
sealing results in canals traversing fine-grained 
materials, most of the silting or clay sedimenting 
work in this project was concentrated in coarse-
grained materials. This introduced several ad-
vantages. First, in coarse sand, gravel, or frac-
tured rock, bed sand m ovement is not usually a 
critical problem. Secondly, seepage losses (and 
consequently the need for sealing) are commonly 
much higher in coarse materials than in fine 
materials. 
EVALUATIONS OF FIELD INSTALLATIONS 
Evaluation data relating t o 132 clay installa -
tions in canals and ponds is discussed in this sec-
tion. This inc ludes 74 canals , 55 reservoirs, and 3 
natural streams. Colorado clay was used in a ll ex-
cept 13 of the ditches and 3 of the ponds where a 
Wyoming bentonite (high- swelling) was used. 
See Fig. 1 at the front of this report for the 
approximat e locations of installations. The de-
tailed tabulation of evaluations (table 1) is on 
pages 11 t o 14 . The summary information for each 
site includes location, capacity, wetted area, bed 
material, installation dates, amount of c lay used, 
method of application, cost , benefits, and followup 
treatments. The benefit s were evaluated by seep-
age loss measurements or estimates , s uppleme nted 
by information supplied by the wate r users . 
Since the canal and pond conditions vary wide ly, 
a variety of clay sealing methods have been used. 
Highlights of the major methods a re described in 
this section. 
Wash-in Method 
In this method, clay is washed into the flowing 
water at the head end of the canal or small pond. 
The flowing water carries the clay down the cana l 
and into the leaky materia ls of the canal bed and 
banks . 
This method is especially suited for sealing 
canals that have steep grades, traverse coarse 
r ocky or gravelly materials , and limited access. 
As a minimum, the head end of the canal must be 
accessible to trucks. The best clay for this work 
has a high mixing index, a low swelling index, and 
low permeability--both filter and layer. 
Major difficulties with the wash-in method re-
late to inadequate cleaning of canals or ponds be-
fore clay treatm ent, and unstable channels afte r 
treatment. Also, good water measurement control 
before, during, and after a clay insta llation is 
helpful but ts not easily obtained for many of the 
ditches where the wash-in m ethod fit s best (i .e . 
steep grade, inaccessible , etc .) 
Figures 2, 3, 4, and 5 r efer t o the wash-in 
method. 
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F t[!,llf(' :!. -C/a_) '-'> 11 nshed into the ll af('r at the upstream end uf tbe 
sec/1011 t o be scaled 
Figure 3. -The milky s lurry is cctrriC'd downstream. seal ing where wa te r 
IS lost h) S<'<'/Jll[!,C' . 
Figure .+.-TrC'IIIPd rhannc/ (111 nght, unlrl'alcd c re<'k <hanne/ r,n le/I, 
C()/ion Cr<'<'L n,tch 111 \an /,11 1 • .., \ 'nll<'y . 
Figure '>. -Ch,lf111p/ C'ros,vn can produce a short ltjr' of seahng . 
Good data are available for some of the sites . 
Data concerning the Cotton Creek installation (San 
Luis Valley) a re lis ted in the following table: 
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Date Upper flume • us 
L owe r flume• 
CFS 
Seepage conditi ons befo re initial treatment 
CFS Percent 
6-1 4-6 1 IS.O S.S 9.S 63 
70 cons of bentonite washed in at upP.er end on 6-20-61 
6--22-61 12.0 8.0 4.0 33 
An additional ..,0 tons of bcntonite washed in at upper end on 6-26-6 1 
6-27·6 I 6.0 4. 3 1.7 28 
An additional 70 con s of benconite washed in at upper end on 7- 11-61 
"·1 6--61 12.0 8." 3.3 2' .6 
Between 7- 11-6 1 and 10-8- 61 a S to 10 cfs flow was maintained ac lower flume 
10·8·6 1 8 .7 S.3 3./4 39 
• Par~h.Jll flume 
The above data illustrate several points . First, 
even though several factors, including channel 
eros ion, prevented complete sealing, the partial 
benefits during the first year were nearly equal in 
value to the cost of clay treatment. About 660 
acre -feet of water was saved during the first year. 
The cost was about $3,900. The major benefit was 
the ability t o de live r water at the lowe r end of the 
system late in the summer where this was not 
poss ible before the c lay treatment. 
Secondly, multiple treatments during initial and 
followup treatments are fe as ible both as a matter 
of cost and of ope r ation. F ollowup treatments have 
been completed on this job and, consequently, the 
seal has been maintained even though the channel 
erodes during periods of high fl ow. 
A third point is that in some areas the clay 
sea ling methods alone may be suffi cient for con-
trolling seepage. The Cotton Creek project has a 
long history of engineer ing designs and estimates 
a imed at solving the water loss problem. None of 
the schemes we r e activated because of the high 
costs involved. The clay sealing is not a complete 
answer to all the proble ms of the Cotton Creek 
Dit ch, but it has provided an economically feasible 
method of saving water. 
Multiple-dam Method 
This method is used when the ditch section can 
be reached easily by trucks at most points . It is a 
wash-in method but has the advantage of being a 
controlled proces s of ponding. 
Clay is stacked in the dry canal, spaced at reg-
ular intervals t o obtain full ponding cove rage of 
the normal wetted a r ea of the canal. A small head 
of water is turned into the cana l. The flow ponds 
behind the first dam, finally overtops it, and the 
resulting muddy mixture is caught behind the sec-
ond dam. The same sequence is r epeated through 
the cana l r each being treated. The canal water is 
\ltilized to car r y the clay to and into the leaky 
zones of the canal bottom and banks . 
This method is especia lly suited for sealing 
canals that have moderate grades, trave rse coarse 
sandy t o r ocky materials, and are access ible t o 
trucks. The best clay for this work has a high 
mixing index, a low swelling index, and low per-
meability--both filter and permeability. 
Major difficulties encountered in this m ethod 
include those mentioned fo r the wash-in m ethod 
(i. e., channel erosion) with the exception that cana l 
cleaning problems tend t o replace channel cutting 
problems as the canal grades become less steep 
and the canal bed materials less coar se. 
Clay penetration also tends t o be a pr oblem in 
the finer gr ained soils, especially in silty sand 
soils where the c lay commonly will form a sur-
face seal, vulnerable t o erosion, drying, cracking, 
a nd puncturing. Satisfactory fo llowup maintenance 
of the clay sealing, which in many instances can 
be pe rformed at relatively low cost, i s a lso a 
common major problem. 
Figures 6, 7, 8, and 9 r efer to the multiple-
dam method. 
Figure 6. - Dams of clay are s paced along tbe canal reach being sealed. 
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Figure 8 . -The slu rry is ponded beh in d the next dam downstream and the 
br('akout /Jfur<'SS rC'/Jeatcrl. 
Figu re 9.-!\dequate channel cleanll7g, prior to tbe clay sealing treatment, 
is a problem in some instances. 
Membrane Methods 
There a r e two gene r a l types of membranes : 
buried me mb r ane and mixed layer membrane. 
In the buried membrane m ethod, the canal or 
pond section is overexcavated at least 6 inches 
before placing the clay membrane. In the mixed 
layer membrane method, the canal or pond section 
is cleaned and shaped, but not ove rexcavated. In 
both methods, the clay layer is placed on the leaky 
areas at 1 lb. / sq.ft. (appr ox. 1/ 8 inch of finely 
powdered clay) up t o 9 lbs. / sq. ft. (approximately 
1 inch of coarse granular· clay). The actual rate of 
application varies with the type of canal bed ma-
teria l a nd the coarseness of the sealing material. 
Rates are listed in Advance Summary. 
In the buried membrane method, the clay layer 
is covered with the s oil previously excavated from 
the canal or pond section. The loosely placed cov-
er material is packed and protected with gravel or 
rock riprap where needed. In the mixed layer 
membrane method, the clay is worked into the top 
3 to 6 inches of the underlying soil with a harrow, 
disk, etc. The resulting mixture is packed to the 
maximum possible extent and protected from ero-
sion (with gravel, etc.,) where needed. Protection 
is especially needed at the water line in both 
canals and ponds. 
The mixed layer membrane method is best 
suited to granular soils (sandy to silty soils) and 
the buried membrane method is best suited to 
heavy clay soils where uniform mixing of the clay 
into the soil would be difficult, if not impossible. 
F1g11re 10. -.\l1xr.! la,·rr membrane. Clny 1s spread 01 er tbe pond bottom 
and then barruu. er/ llllo the sud. 
Figure 11. - .\l rXed layer membran e. Clay is spread on the bottom nnd 
stdC's. rhsl...c d 1111,~ soil. cr;mpactcd. and cu1 c red. 
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The membrane methods are especially suited 
for sealing canals that have moderate to flat 
grades, traverse fine-grained soils, such as fine 
sands and silts, and are accessible to trucks and 
other construction equipment. The best clay for 
this work has a low layer permeability and a high 
swelling index. 
Major construction difficulties include: insuffi-
cient use of clay; uneven spreading of clay layer; 
inadequate protection of membrane from erosion, 
cracking, puncturing, or c leaning; and inadequate 
followup maintenance. 
Figures 10 to 13 refer to the membrane meth-
ods. 
F1g1uc 11. -The clny may be placed ,n tbe canal ,n dams and then mixed 
into the sod u•ith a \I-di tche r. 
/ ., 
1< ., ' 
1'1g11re 13. -Crayfish b11rrou•1T1g nnd deep cracking upon drying is harmful 
lo clay spa/,ng. 
Ark. V&.l.ley Irr. Canal 
SW ot Buena Vie t & 
Bra,y Ditch 
W of Buena Vista 
W Gate &nd s Mead.av Ditch 
SW ot Buena Vista 
Lee Diversion Ditch 
SW of Buena Vis ta 
Silver Creek Ditch 
W of Buena Vista 
Sailor Seep Ditch 
SW of Buena Vista 
Esgar Ditch 
SW of Buena Vista 
Dry Creek Diversion 
SW ot Buena Vista 
Cottonv ood Creek 
W of Buena V~eta 
Pi~r Ditch. 
SW o-r Nathro 
Missouri Park Ditch 
or Salida 
North Fork Ditch 
W of Salida 
Boone No-2 01 tch 
NW of Salida 
Bradl.ey Ditch 
NW of Salida 
Shepherd Pond 
!Ill of' Salida 
Sunn,yeide Ditch 
N'W or Salida 
Branch or the Po8 t Ditch 
NW of Sal.id.a 
Boyle Pond. 
NW of Salida 
Tendertoot Stock Pond 
N of Salida 
Kochme.n POlld 
11 or Salida 
Heber er Pond 
NII or Salida 
Berg Pond 






SE or Haward 
Goodvin POlld 
E at. l!clau:d 
Denek Pond 
SE of' Bovard 
Dene.k Dralnage Ditch 
SE. of' Bovard 
McCrory Skating Pond 
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Rock- gravel 
Rocky-gravelly 













2 Rocky and 
16oo Sandy loam 
Rocky 
Instn.llation Date_ Metllod or Cost 
t of Benton.ite A llcation 
ARKANSAS RIVE1! BASill 
July 1961 
14 toni, (S49) 
July 19(,() 2, t.onB !S•9l 
June 19(,() 
28 tons (S49J 
April 19(,() 
2s tons (S49J 
JI.Ule 1960 
September 1960 
24 tons {S49 ) 
JUJ1e 1960 
4 tons (S'19J 
June 19(,() 
20 tons (S49) 
July 19(,() 
100 tons (S49) 
Mey 19(,() 
42 tons S4 
1959-1961 
~4 tons (sl,9) 
April 1961 
30 t ons (S49) 
194&-1961 
25 tons (S49) 
April 1962 
4 taos lS4Q ) 
May 1962 
14 t ns S4 
April 19(,() 
69 tons (S49) 
June 196o 
5 toos (S49) 
1957-1959 
1/2 ton (S49) 
Fall 1959 
2 tons (S41J) 
1952 
1 ton (S49) 
August 1962 
16 t.ons (S49.) 
June 1962 
70 tens {s34) 
June 1962 
8 tons ($49) 
April 19(,() 
tons S 4 
April 19(,() 
J.60 t.on.a .(S34 \ 
Mey 1962 
24 tons (S49) 
May 1962 
3 tl>J'.\S (S!i~ ) 
August 1962 
12 tens (S49) 
1962 
1. t n Sh 
May 1962 
1.5 tons (S49) 
Fall 19(,() 
100 tons (S49) 
June 1962 
12 tow, (S49) 
June- July 1962 
6 tons (S49) 
July 1962 










Comb . vn.s h- in 
multi le-dam 












































Membrane $ 700 
1es t ) 
Spread on s ides $ 168 
& bot:tom J cat 
Wash- in :t. 20 
Spread on &) 
bottom by hand 
Wash-in 10 
Wash- in $ 150 
Wash-in $1000 
Spread 1/2 iocb $ 132 
t.b.1cis: / do.r..er 
MuJ.tiple-dnms $ (,() 
every 15 feet 
\lashed 1n by $ 8c 
supply flO\I 
Benefits** 4Dd Foll ~-Up 't'Ttatmont 
Before loss • m measured ( Sea.l ap~ently still) 
A.Cter less • U) llith n=aa all=t.iu (1962) 
Water saved in 1960 produced hay vorth $1100 
water .saved lo 19.62 woduced ~ vortb $. 500 
Water saved in 1960 produced bey' vortb $Bo::>; 
5o1> of or;t.&1.na.l s eal existed iD .l.262 
Before loes "' ~ (est) 
After loss • 1.00. (est} 
Water saved produced hay vortb $400 in 1961; 
Value of vater saved first year equal to cost of 
bentooite~ seal effective in 1962 
Before loss ~ }O';l, (est) (sea.l effective in 1962) 
A.f'ter loss .. 15S (est ) 
Treatment brought flOW' 3/4 mile farther in ditch; 
September 1962 va.sbed in l } tons (S49) -increased flow 
About 2(X) AF s aved in 196o; greater vinte r flovs have 
been ma.inta.1ned at l ower end: no f ollow- up 
Water saved in 196o produced hay vorth $lcioo; 
J. 61- of' ori inal sea l· 1 62- 2 01' ori na.l ee&l 
Reduced seep at least 751i {before loss .. 8-10 cts) 
90 'I, of original sea l estimated during 1962 
Wat.er saved in 1961 produced hay vortb $10CX> ; 
seal hold1ng veil (1962) 
Before : 4cfs loss in 1/4 mile (measured) 
After: 1 cfs loss in 4 miles (measured) 
Reduced seep areas belov canal 
Pond vill nO\I hold water 
Water saved in 196o produced hay vorth $1200; 
ha,)'-$500- 1961: hay-$500- 1962 
Water saved in 19&:> produced hay vorth $2CXl; 
seal held up dw-ing 1962 
Befor e 5($ loss overnight ( seal very effective) 
After: practically no loss in 1962 
Bentoni ting produced enough vater for 50 head of 
ca ttle ; seal still good in 1962 
Before : 1~ loss overnight 
After : h d.s w 
Before : 1/2 foot drop overnight 
Af'ter : _J?Ond abandoned soon a.:r~er treatment 
Pond has not been filled since treatment 
Reduced losses in nev pond 
Reduced visible seepage area considerably 
Before : 
Mt n 4 h urs 
Before : 1-1/2 foot drop in 24 hours 
After: 1-1/2 foot drop in 1 month 
Dried up seep area belov pond; saved vater va.lued 
at about $50 7 - for i rrigation use 
Dried up seep area below ditch 
Holding veil 
Reduced seep area below ditch 
Good results 
Water saved in 1960 produced hay vorth $1000; 
1%1-$2000- hay; 1962-$2000- ha,y; spring 1962-12 tons {!;49 
No benef'i t- - due to not using enough bentonite ; added 
18- tons (S49 ) , Mey J,963 
Before: lOCl/o loss by end of ditch; af'ter: 2<11, 
loss by end of ditch_; $2CQ- he.,v due to water saved _(_1962) 
7o% reduction in seepage loss; extra water value 
$.100 per year-bay 
2 Rocky Wash- in near 
nd 
$ 25 $50 benefit ea.ch year in hey product ion 
1,;ptt "' Wetted perimeter, L "' Length of treated section ; ** Unless other.rt.se indicat ed, infonn.<ition on benefits was supplied by owner or manager 
11 
Ula Ditch 
w or W'estc.l.11'te 
Riu Pond No-1 
W of Crippl e Creek 
R1 86 Pond No- 2 
W of Cripple Creek 
Mies rood No-.:, 
W of Cripple Cr eek 
Kenon Poc.d 
Westcliff e 
Ne l soo Culi f c.r D1 tc b 
N of C&non City 
Graadviev I rrigation Di tch 
E cf Ca.non Ci t v 
Hydra ulic Di ten 
E or Canon Ci t y 
Carden Park Di tcb 
N or Canon Ci ty 
Red Rock Ranch Ponds 
W of Monument 
Meserov Food No-1 
Near Colorado Springs 
Meserov Pond No-2 
Near Col orado SwiMs 
Fountain Mut ual 01 t ch 
SE of Col orado Spri ngs 
Se curity Vi l..l.age la8oons 
SIi or Secur1 ty Vi lla&• 
Ft , I,yoa Canal. 
NE of Mcclave 
Croes Creek Pond 
NW of Saguache 
Mill Creek Pocd 
'wJ of Ss.g,.ua.che 
Alder Silver Pond 
N of Sef!:uacbe 
House Log Pond 
w or Saguac be 
ShevaJ. ter Poed 
s of Poncha FMs 
Daninick Rench (creek ) 
E of Villa Grove 
Steele Creek 
SE of Villa Grove 
C.:ott oo Creek Ditch 
SE o!. 'lil 1.a r.urre 
O'Brien Ditch 
SE of Villa Grove 
Shellabarger Ditch 




!I 'l! Mottai. 
Brace Pond No-1 and No-2 
N of qe~nter 
Coore No-3 Ditc h 
N oc Center 
Hooper School Pond 
SE or H r 
Schooler Pond 
SE of _llooi,er 
aca School Pond 




SW' of Alamoea 
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2 (acres ) 
250 cfs 
Medium 
30' X 50' 
30 ' X 50' 
30 ' X 50' 
,30 ' X 50 ' 
6 - 1/2 Af' 
Fast 
Toil 























Gr avel- s andy 
Sandy l oom 
1500 
Sand & gravel 
30 Fractured 











8 Cobbles - grave l 
17500 
6 Gravel- sand 
19000 
6 Gravel- sand 
11 
Stock tank Grave l - sand 
bottom 
100 • x 100' Gravel- sand 
10 & 12 AF Gravel- sand 
6 cfs 7 Gravel- s and 
Slav l.WO 
1/ 3 Af' Sandy loom 
1 (acre ) 
1/2 Af' 
15 (acres ) 
2 eta 
.5lw 
'1./4 (acre ) 
6 _eoo 
Sanijy 
Sandy l oom 
Gravel- sand, 
c ~ y topsoi l 
Sand-gravel 
Bl O'W'-SM d 
Soil over 
Cos t 
ARKANSAS RIVER BASlll (coetinued ) 
October 1962 
102 tons (S49 \ 
ray .i~62 
1q toes (S49 \ 
May 1:,/0c" 
45 tons (S49) 
May 1962 
14 tons (S49) 
1 tons S4 
1960 
16 toes (S28) 
April 1961 
50 toas (s~8) 
April 1962 
40 tons (s28) 
May 1960 
.32 toru; (S28) 
1959- 1960 
10 tons S4 
Spring 1960 
7 toas (S49) 
Fall 1960 
4 tons (S1l9) 
July 60-May 61 
75 tons (s28) 
Suimne.. 1959 
6oo tow, (S28) 
Wash-in 
Either blcnm 
onto WA.ter sur 
fn.ce or spread 
on bottom 1\11d 





Multiple- dam $ 100 
(est ) 
Comb , oembrane $ 500 
& m1Ut1ple -dam (eet ) 
$ 240 
(est) 
Wash- in $ 16o 
(ei:;t) 
Membrane $ 6oo 
Meelbr ane $ 90 
Membr ane $ 6o 
Wash- in $ 750 
Membrane $.6ooo 
Multiple - dam $2027 
RI O GRAIIDE BASill 
June 1962 Spread by hand $ 95 
4- 1 /2 tons (S - 49) & compacted/ca t 
June 1962 Spread by hand $ 95 
4- 1/2 tons (s - 4q) " compacted/ca, 
June 1962 Spread by hand $ 95 
4- 1/2 tons {S - 49) &. compe.ct~d/ca·,. 
June 1962 Spread by hand $ 95 
11- l/2 tons (S-4Q) and dis ced 
1959- 1960 Membrane $ 1100 
12 tons S4 
1960 
8 tons (Sl19) 
June 1960 
20 toas (Sl,9) 
July 1961 
210 tons (S49) 
llovember 1959 
136 tons (S49) 
1959-1960 
We.sh- in $ 90 
(est) 
Wash- in $ 250 
1est) 
Wash- i n $3000 
(eo.t) 
Multiple - dam $1670 
Multiple-dam $ 6oo 
Benefits and Foll.av- Up Treatment 
Ne-wly construct ed pond.a Yi.th gener e.ll.y l.()()j, l o u 
wi th i n 2 days. After t r e a:tment ther e were no v isibl 
s eep are e.s below ponds and very 11 ttle shrink in 
stor age vo lume . Blow- in method appears quite aat ia -
factory f or s-pr e &d.lf18 mat er i al i n either dry or wet 
ponds. 
Ne .., pond; holding veil 
Before : 5(1/, loes (est) 
Mt.er : 1~ loss (est) 
Good seal in bottcm but upper be.ruts of canal 
poorly sea led. 
I.Q toe-April 1963 
Before: 3Cfl> loss (est) 
After : 10 <I, loes (set) 
vould not hol d vatcr 
Before: l f oot drop of vater l evel per day 
After : "J./2 inch drop of vo.ter leve l _per day 
Befor e : 1 foot drop of vater l e vel per day 
A.fte r : 1/2 i nch drop of vater level per day 
Approximately 60 AF of vater save d i n 1961 vortb about 
$360; seal holding vell (1,962) ; 20 t on s (S 2e) 1962 
Ws.s lined during constructi oo- - bolding veil i n 1962 
Unsatisfactory inatallation--no l ong term e f fec t s 
n t i c 
Befor e : 1001, l0&s v1 thin a short t ime 
A!'ter : m 1068 ;holding good-1963 
Nev pond hol ding good-1963 
Sme.il. seep area still exists - 1963; 
holding good - 1963 
Holding good- 1963 
Bef ore : 50';{, l oss per day f ollov -up t r eatmen 
After: Ma or i t of s ee s t o ct planned in 1962 
Water s aved i n 1960 produced h.e,y vortb $ 1500; 
16 tons added- 1963 ; holding good 
Wa t er sa ved i n 196o produced hay vorth $1500; avail able 
vater in 1962 i rrigation se~on due to benton.1 ting 
Saved about 1000 A£ duri ng 1961 irrigati on season; 
not used in 1962 
Before : 4 cfs loss in 1/4 mile 
After: 3 c fs l oes 1. n 3 - 1/2 miles; holding good-1963 
Before: 3 cfs lo&s i n 2 miles 
May 1962 3cattered by $ 10 Good res ult s --t.8.nk holds ve.ter 
l /2 toe (S49 _\ hand l" thick 
Ma.y 1962 Scattered and $ 14o Results vere sa tisfa.c t ory- -follov- up treatuent ple.nned 
22 tons (S49) d.i~ 
Jan . 1956; Jan. 1960 ,..,mbrane 
:(500 tons 'local ) 
$3000 rotal benefit s of Ponda a $1500 per year ; seal holding 
veil (1,962) ; holding good-196, 
A"8U"t 1959 Multiple- dam $ 200 Dried up seep area bes ide ditch; no visibl e seei:age (1962) 
.l2 t oao (S49) "1th ditcher 
1959- 1960 Membrane 
Fall 1960 Membr ane- $ 250 Hol ds vat er- d.id not before 
210 t c,:,s Cs -40) 
Oct . 59 & Se pt . 60 
70 tone (S4.9 + loc.) 
148 toes (S49) 
Fall 1961 
62 tons (S49 ) 
Spring 1962 





Mecl>rane $ 300 
(est) 
Spread "1th $3000 
b.a.ITov & disced 
1!1xed and $ 900 
packed 
){!xed into bed 
material. 
Washed- in $ 100 
Recrea tional value = $250 per year; hol ding very vell 
1962 
72 too (S49) added llov . 1962 , no seepe.ae evident 
Holding good- 1963 
Benton! te mixed into sand to produce a stable ditch 
Befor e : 6 inches per day of wat er s urf ace drop 
h ld.1 v 11 
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RIO GRANDE BASIN (cont i nued ) 
Benson D1 tcb 3 c!'s 4 Rocky August l9(,o Multiple-dart. $ 200 Bent oni ting saves about 90 AF per year; worth about 
!IE of l>e_l Norte Mediuc. l.500 l.3 tons t s49_) l.300 ~~ 1rr1.gat1oQ_ v:D,ter 
South Fork. High.llne Ditch 8 eta 10 Rocky Mas)' 1961 Mult1ple- dal[. $ 70 Val ue of wat er saved • $500 per year; 
\I or Dol Nor t e Me<i!Jm> 6oo 4 tODB (S49.) 8 !.ollB (Sli9.J ~ .62 
Davies Di tcb 5 cfs 8 Rocky-gravelly November 1962 Mul t i ple- d&t $ 300 Dried up all not i ceabl e seep area.e--can now 
W of' Del Norte Medi um 1300 ~O toos (s .,_4o) deliver flOW' t o e nd of ditch vhere could no~ before 
Qu1.nl.an Pond - - - - Si lty- clay August 1961 Membrane $ 4o Wat er saved due to beat.on! ting = $100 per year 
Antonitg - - - - 6 toru, ts 'l9l 
Trincbera Ranc h Di tch 9 era 6 Grave l -sand 
8 f~ m~) Multiple- dam $ 100 Before : 1/2 cfs loss i n 1-mile SE of Fort Garland 5000 5JOO , .. ,, ) Afte r · i'/~ cf's , ,..A ., 1.., _,,.,1 , ... 
OOI..ORl!:::i w:ia. SAN JUAN RIVER B.ASlNS 
Na.nniga St ock Pond l/10 AF - - Gravel vi tb August 19(,o Membr ane $ 125 Before : ..,oul.d not bold w t er 
Pt\g06a Spri nge - - - - sane clay 5 tons (S49) After: 
Sm1tb Poo.d l / 2 AF - - Decompos ed Spri ng 1960 Membr ane $ 100 Partia l seal only 
Paa:06& Spri ngs - - - - sbal.e 3 tons (S49 ) 
~ St ock Pond l AF - - Rock-gravel July 19(,o Membrane $ 200 Value of vater saved ., $500 per year 
Pag08a Springs - - - - v1. t b sane c le.y 10 tons (S49 ) 
Cl.son Stock Pond 1/2 AF - - Soil and aha.le July 19(,o Membrane $ 25 Bentoniticg produced enough vater tor 20 bead of ca t t le w or l'8;!<,sa ilprtogo - - - - J. t,on (S49) 
F J.or1.da Canal 124 c f s 23 "Mancos" Summer 1961 Wash- in $ 700 Estimated increase of 2 cia -- t r eated Yi t h 
E ot Dura.n110 .Med.ium 31000 sbal.e 30 tona (S49 ) .llyJlllll.ni: bent. .J.n 1962 vi.th =el..l.ei>t _i:e_o.ult» 
Hayden Pond l - l/2 AF - - Soil and shale Spring 19(,o Membra.oe $ 30 Value of vater s aved • $100 per year 
N ot P.aoea 5 .... ..-1 nas - - - - l ton IS40) . VA(:), _i n 
.COlORAOO l!I'llllUlASlll 
Sloss Ranch Ditch 10 cfs 4 Fractured Fall 19(,o Multiple-dam $ 170 Seep areas ~ dried up 
E of Gwm.ison Medium 450 rock 10 tons (S49 ) (est ) 
Chi ttiogton Highllne Di tcb 32 cfs 9 Rocky-sandy October 1959 Multiple-dam $ 650 Dried up seep areas in meado.., belOW' ditch; 
NE of' Parlin Medium 3000 37 tons (S49) (est ) ad.di t1 ooal V'B.ter pr oduced t.300 per yea:r - hay 
Tomey Highline Ditch 20 cfs lO Rocky- sandy May 1959 Multiple - dam $ 4Bo No noticeable sealing effects -- main problem--
E of Parlin Medium 5300 22 t ons (S49) erosion of banks and bottom a.ft.er sea.ling 
Dllllbar Ranch Di tcb 5 ere 2 Open frac tured Mas)' 1961 Multiple- dam $ 150 Seal he ld up for approximately 3 veeks 
NE of Almont Medium 4ooo rock and silt 7 tons (S49) then original see~e rate resumed 
'l\l1n Lake s West Slgpe Di tcb 20-350 c fs 10- 28 Fractured 1956 & 1957 300 tons Multipl e-dam ~20 ,000 Before l oss : 100',L at J.OW' flows 
SE of Asoen Nedi um ~ _,.._,. 1, and ta1Ub ( ~4Q ) & ~ tons(Wyo) ·- ,-·· ""' "' '1 = Climax Canal No- 1 100 9 Rocky 19(,o Multiple- dam $ll4o Noticeable vater aavina, but no measurements made ; 
I lE or Cluma.x: Medium 5700 91 tons (S49J Added 1'5 tons - swmne:r 1963 
East MeGa Di t cb 30 cfs 15 Grave l and April 19(,o Membrane $ Boo Extensive seep areas dried up 
S of Carbondale Medi um 500 s and (,o tons (S42) (est) 
- - - Di tch 26 cfs lO Rocky October 1961 Multipl e -dam $ 68 Befor e: 3Cl'I> loss 
E of Crested Butte Fas t eoo 7 tons (S49) After: satisfa ctory results 
Phillipe Res ervoir 1/4 ""re - - - - J uly 1962 Sca tt..er ed oo 
S ¢ Moat rooe - - 8 t ons ts!l.2.) b<l<l-"'1"- b.lllll<o 
Sandburg Pond 105 ' X 105 ' - - Silt y sand April 1962 Sca t t e r ed oo $ 150 ~~c~~~;=~s}~~=e~e l oss!. ~:1: ~~~-~ much as Mont r ose - - - - }? t,a a (S4Q) ~·-- ... _, ___ , .... ) 
V08S Tank Botten 20 ' diameter - - Sandy - - Membrane - - Sea l held ',felJ_ until tank bottan was expose d t o 
Koo.troee - - - - - - to fyee z.ing and thavj.ng 
Raisb Pood 50 ' X 50 ' - - Rocky May 1962 Surface $ 50 Will hol d 3 to 5 feet of vater vherc before 
Hontroee - - - - 3 tons (S49) memlu:anc t rea~ment it vould not hold 1o1ater 
Farmers Irr. Co. Suh Lat . 5 cfs 6 Gravel Summer 1950 Membrane $ 50 No vis ible seep since t r ea t ment 
N cd Sil\ Medium 300 J, tona. [542.) ~ 
Bookcllft Count ry Club Pond - - - - "Man.c os" Spri ng 1957 Membrane $1200 Holding veil i n 1961; s t ill holding 1o 1963 
Near Grand Junc tion - - §hale 4oo t.ona (S!!2..' (ea t l 
Mo, Z Cana.1-0rcbe.rd Meaa 6o e ra lD Gr avel J uly l 96o Waah - 1n $ 1Bo Dr i ed up ae~ area below d itch 
KE of Grand· J\Ulction Medium 450 and Sb&le (,o t ons (S42) (es t,) 
Hi gh.line Cana.l. - - ro Rock vitb Membrane One b!Ulk l ined -- r educed s eepage damage 
Jl'E or Cameo - - 1 500 Silty Sand below can.5.l 
lat Litt Ditch 3 5 cf• 25 .r racture Sha.le Dec , 1960 M~ br ane $ 830 Dried up s e ~ area 
W of Grand Junction Medium 55(' and Silt llO tons (S42) 
2nd Ltrt Ditch 1.3 e ra ll Sandy silt Msy 1960 Membr ane $ 4oo Good int tia.1 s eal, but did not l a.a t --
W ot Grand JWlction slow 2600 4o t ons (S42) ( est, ) erosion and cravf!~h destroyed sea1 
Red.land.a Pond 3 AF - - 24" wide cor e Excellent ae&l achieved ; plan t o increase capac i t y 
Grand Junction - - - - placed @ £. of cit.m o f r eservo i r in near future 
Rump Ranch Di t ch 4 c fa 4 Sandy silt June 1960 Membr ane $ 100 Holdi ng well; d i tch concreted i n 1962 
Grand JWlc tion slow 4oo µ) tons (S42) ( es t , ) 
Marahal.l Nay Ditch . 4 c fa 4 Sandy June 1961 Multiple-de $ ro In i tial. seal good 
SW of Toponaa 600 1/ 2 t on (S42) ( eot, ) 
H8Jlk1 Val.ley Pool Reservoir 1 AF Rocky - >·all 1960 Membrane $ 100 Befor e: \fOuJ.d not hol d va.ter 
Montrose r.rave11 v , tons fs4o\ ( e s t \ After : bolds verv veil 
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SOU'ffl PLATE RTVER BASIJ< 
Circl.e Farm Pond BM - - Gravel-Sand Oct. 1960 Membrane $ (,00 Before: }-foot drop 1n water aur!tLCe 1n } ~• 
E of Ft . Collins - - - - Vl.tb some Clay 120 cons (S}}) After: Cons ider able aef!PS8e still occurri.ng 
MacIntyre Di'tch 8 cfs 5 SMdy - J\Ule 1961 Wub-in $ }00 Dr ied up seep Uea a.long <11 tcb 
E of Berthoud Variable 10000 Silty 90 tons (S}7) 
Boulder Creek Supply Canal 150 cfs 24 Gravel , ShaJ.e, Aug. 1961 Wub-in $ 500 Partial.ly ef'tectiTe in r educing small seep nOV9 
SE of Lyoni:: Medium and Limestone 200 tons (5}7) belov ca..1al.' 
Duck Lake Dam Repair Fractured Aug-Sept . 1961 Membr ane $ U5 Outlet: works rebuilt - bentoni te mixed into 
S of Georgetown Rock and Gr avel 9 tons (S49) back.fill - - s atisfactory resul.ta 
Wellington Lake Feeder Canal 4o cf~ l} Decomposed J'u.ly 1960 Multiple-dam $ 750 Estimated $26oo worth of water aaved 
SE of, Bai l ey Medium }000 Granite }6 ton• (S49) during 1961 ( 520 acre-reet) 
W Burlington Ext Canal. 35 cfs 12 Sandy Sept. 1960 Wash-in $ 1 50 Some r eduction in seepage estimated 
NE of Denver Slav 50000 52'>tons (5}7) 
Speer Canal. 120 cfs 20 Sandy July 1962 Multi ple-dam Reduced los e 50c.' a.!'ter treatment 
NE of Denver Slav 20000 500 tons (S37) 
Platteville Later al. 25 cfs 12 Sandy J'u.ly 1962 · Wa.ah-in Some r eduction in seepage 
NE of Denver Slav }6 tons (S37) 
Eitel Pond 170' X 100' - - Gr avel , Sand Aug. 1962 Spre&d and $ 270 Good reaulta - - some trouble Vi.th imiakrata 
S of Florissant - - - - and some Clay 22 tons (S49) harrowed 
FIELD IIISTALLAXION DATA 
(WYOMING BEJITOIIITE) 
Job Title I Capacity I~ I Bed I Install.at ion Date i I Method of I Coat I Benefits and FollO'W'-Up Treatment Location I Gr ade Material Amount of Be nton! te Atroli cation 
RIO GRANDE BASIJ< 
Coors Farm No-4 Ditch 6 eta Gravel - May 1956 Jet-Mixer $ 200 See-page loues reduced 70c.'; e ati.m.ated value 
N of Center Slav 26oo Sand 6 tons {Wyo. ) and Pondine of "Water saved $560 
H-1 Pond 4M - - Gravel April 1961 Membrane $ }50 Saved $6 per day pumpi ng cost during 
S of Fort Garland - - - - Sandy Loam 7 tons (Wyo.) i rr igation season 1961 
R- 2 Pond 5M - - Gravel _ April 1961 Membrane $ 650 Saved $6 per day pumping cost during 
S of Fort Gar land - - Sandy Loru:n l} tons (Wyo.) i rr igation season 1961 
NORTH PLAT'l'E RIVER BASIJ< 
Lake John Inlet Di tcb 30 cfs 20 Gravel - Spring 1959 Membrane Holding veil ( 1961), seep in meadows belav 
NW of Wal.den Medium 500 Sand }O tons (Wvo.) ditch dried uo 
SOU'rn PLA1'l'E RIVER BASIN 
Hohnholtz Ditch 5 crs 12 Gravel - Surmner 1959 Multiple-dam Holding veil ( 1961) 
W of Ft. Collins Medium 200 Sand 7 tons {Wyo.) 
Weaver Ranch Ditch 2 cfa 5 Rocky, Sand June 1956 J et-Mixer $ 65 Reduced losses 50;. ( 1956) ; d1 tch not uaed in 1961 
NW of Ft. Collins Variable 1000 and Silt 2/} ton (Wyo. ) and Ponding 
N Poud.re No. } Lateral 6 c'fs 8 Sandy Clsy Sept. 1955 J et-Mixer $ 125 Saved 1/2 AF per day (measured in 1956) 
SW of Wellington Medium 9000 4 tons (W:vo . ) and Ponding No effective seal remaining 1n 1961 
N Poudre No-4 Lateral 3 cfs 5 Sandy with >954-1955 Jet-Mixer $ }00 Saved 120 AF during 1955 irrigation season 
SW of Wellington Slav 5}00 Clay l ayers 10 tons (Wyo.) Md Ponding (measured) i no seal left in 1961 
Little Cache Ditch 3 cfs 5 Sand, Silt Fall 1954 Jet-Mixer $ 6o Saved 6o AF during 1955 irrigation sea.son; ditch 
N of Ft. Collins Slow 6600 and Clay 2 tons (Wyo. ) and Ponding cle&ning destroyed seal in 1958 
Fanners Irrigation Ditch }O cfs 20 Silty Clay May 1956 Jet -Mixer $ 150 Saved 126 AF in 1956 (measured); aea.l. 
E of Loveland Slow 2(,00 3 -3/4 tons (Wvo \ and Pondi no nearl.v aone in 1961 
Christian Lateral 3 cfs 5 Silty Clay JIU>• 1956 Jet-Mi xer $ 95 Saved 14 AF i n 1956 (measured) i sea.l. 
E of Campion Slav 2(,00 2 tons (Wyo.) Uld Pondir1g nea.rl_v gone in 1961 
Sand Hill Reservoir Dike Sandy 1957 Membrane $ }100 Extensive seep area below dam dried up 
NW ot Ft. Lupton 100 tons (Wyo.) 
Wanamaker Di "Cen 25 cts 6 Cobbles and Summer 1960 Membrane $ 200 Reduced seepaae loss appreciably (1960) 
E of Golden Fas t 700 Gravel 4 tons (Wyo.) 
Zimbleman Farm Di tcb j cts 4 Sandy July 19 56 Jet -Mixer $ 95 21 AF saved during 1956 (measured); sea1 
SW ot Keenesbur,:t Fast 2(,00 1-1/2 tons (Wyo.) and Ponding lost during nash-nood. wash-out 
Hijou Land Co. Ditch 5 cfs 4 Sandy April 1956 Jet-Mixer $ 125 Sea.l. did not l ast due to eroaion 
W of Ft . Morgan Fast 2100 2 tons (Wyo.) and Ponding 
Mi ller Farm Ditch 2 c fs 5 Sandy SUJ11mer 1956 Jet-Mixer $ 185 42 AF saved during 19~ (measured) 
NW of Atwood Slow 1000 3 tons {Wyo. ) and Ponding 
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EVALUATION OF CLAYS 
During this study, 321 samples of clay from 
108 potential deposits in Colorado were tested. 
The locations of deposits are shown on figure 1 at 
the front of this report. The sampling is subdivided 
below: 
No. of Approx. no . o f 
Ri ve r basin s amp les dcpos i l s 
Nort h Platte 8 2 
South Platt e I 10 38 
A rk ans as 105 27 
Rio Grande 32 II 
San Ju an 7 ' Colorado 37 16
Y:1mpa~U.1 hitc 22 II 
321 108 
Previous Sampling 
Virtually a ll previous sampling and published 
information of Colorado clays relates t o ceramic 
uses (bricks, tiles, etc.) (18, 19) or to other in-
dustria l uses (bleaching, etc.) (20) . Sealing uses 
are la r gely ignored. Ceramic clays generally are 
of a nature unsuitable for sealing purposes. Usual-
ly they are not sufficiently impermeable. Bleach-
ing clays, howeve r , a re usable in some cases, but 
results of previous evaluations of Colorado clays 
were of little value in the present study except for 
locating potential deposits of sealing clay. 
Definitions 
Clay -- This term is used commonly as both a 
rock term and a particle size term. 
As a rock term, it is applied to a wide variety 
of mater ials. Grim (21), for example, defines "clay 
material" as any fine - grained, natural, earthy, 
argillaceous material including clays, shales, and 
argillites of geologists, and soil as defined by 
engineers, geologists, and agronomists, if such 
materials a re clayey. Many definitions state clay 
is plastic when wet. Though this is true of m ost 
clays, some clays a re not plastic when wet- - for 
example, halloysite a nd flint clay (22). 
As a particle size term, clay denotes the ma-
terials finer than some given s i ze . This maximum 
size of particle s in the clay category differs be-
tween classifications as follows: 
System 
U. . Bureau of Soi l s 
M. I. T . (soil mechanics) 
Wentwort h scale (geology ' 
• I inc h = 23,400 microns 
Maximum size in clay 
5 mi cron s .. 
2 microns 
3.9 mi cron s 
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The common limit used by engineers and min-
erologists is 2 microns. Some definitions also 
state that 2 microns is the maximum size of par-
ticles classified as "colloidal." Colloidal, when 
applied to clays , usua lly means very fine-grained- -
little or no grittiness when tasted. 
In contrast to the classification of clay on a 
particle size basis alone, the "Unified Soil Clas-
sification" of the Bureau of Reclamation and the 
Corps of Engineers divides earth materials into 
gravel, sand, and silt-clay on a size basis or by 
sieving. But the division of silt fr om clay is made 
on the basis of liquid limit (related to plasticity) 
with a liquid limit value greater than 50 classified 
as clay and a liquid value less than 50 classified 
as silt (performed on material passing No. 40 
sieve). 
In this report, clay is not defined in one speci-
fic way. The clays are described and evaluated in 
several ways: by particle size distribution (grit 
content and colloidal yield}, chemical characteris-
tics (cation exchange capacity, etc .), sealing prop-
erties (filter and layer permeability), and several 
miscellaneous properties (free swell and mixing 
indexes). 
Clay Minerals -- The clay minerals or the lay-
er silicates as they are commonly called, are 
composed of varying combinations of silicon-oxy-
gen laye rs and aluminum- oxygen layers. Metal 
ions, such as magnesium and iron, may proxy for 
a luminum and a luminum may proxy for silicon in 
the sheet structure. The alkalies, such as sodium 
and potassium, and the alkaline earths, such as 
calcium and magnesium, are also essential con-
stituents (or adsorbed ions) in most of the clay 
minerals 6 • 
The common clay minerals are m ontmorillon-
ite, illite, and kaolinite. Pure clay minerals, how-
ever, are rare, while mixtures of several clay 
minerals are common. Most clays also contain 
nonclay contaminants such as quartz, calcite, 
fieldspar, organic material, and water soluble 
salts. The clay fraction, however, usually is the 
dominant influence in regard to physical proper-
ties of clay mixtures, such as the sealing potentiaL 
6Fo r a complete d1.sc11ss1on of clay mmerals, their structure, composi-
tion, and properties, see references (2 1, 23, 24). For applied uses of 
the various clay minerals, the 1962 textbook by Crim (2 1) ,s especially 
recomm ended. 
Montmorillonite is the major clay mineral in 
most Color ado clays that are favorab le clays for 
sealing purposes . Most of the Colorado clays may 
also be called bentonite. 
Bentonite - - Like clay, bentonite has many 
meanings. According to Bechtner (25), bentonite 
was first applied to a peculiar clay occurring in 
Wyoming and South Dakota distinguished from 
other clays by its soapy feel when wet and the 
property of swelling when placed in water. Studies 
during the past 30 years show that bentonite is 
composed mainly oj the clay mineral, montmoril-
lonite . 
According to common definition, bentonite is a 
fine-grained clay containing 85 percent or more 
montmorillonite (26) . Ross and Shannon (1926) 
proposed the term bentonite be confined to those 
clays produced by the alteration of volcanic ash in 
situ (in-place), and this definition is preferred by 
Grim (21). 
In commercial usage, the term bentonite tends 
to be restricted to the highly colloidal varieties of 
the Wyoming high-swelling type. In recent years, 
however , the term Wyoming-type bentonite has 
become the common term used when referring to 
a highly colloidal , high-swelling bentonite . The 
terms southern-type bentonite and sub-bentonite 
have been applied to montmorillonite materials 
that have relatively lower swelling properties than 
the Wyoming material. Also, in some commercial 
usage it has been customary to apply the adjective 
"bentonitic" to clay materials with relatively high 
colloidal properties without any consideration as 
to the origin or composition of the material. In 
some instances, "bentonitic" has been applied 
where it was thought that the a lteration of ash 
played a role in the origin of an argillaceous ma-
terial. 
For the purposes of this study, the term ben-
tonite is applied to any clay material that exhibits 
swelling properties (50 percent or more) and in 
which montmorillonite is a major constituent. 
Sampling of Clay Deposits 
In the early part of this study, CSU project 
people did most of the sampling, but during the 
last 2 years almost a ll of the initial sampling of 
new deposits was done by others--individual pros -
pectors and SCS and Extension Service personnel. 
If laboratory testing results from the initial sam-
ples were favorable, followup sampling was com-
pleted by the CSU project. 
In general, sampling of favorable clay deposits 
was progressively more detailed, in relation to 
the development work at the deposit. As the better 
prospects were opened and explored, additional 
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sampling was done. The deposit work was carried 
on by private deve lopers. The CSU work was con-
fined mainly t o laboratory testing of samples 
furnished by the developers. 
Many kinds of deposits were sampled. A few 
examples of sampled deposits are shown in figures 
14 to 21. In gene ral, the Colorado clays with favor -
able sealing characteristics are bentonites (with 
montmorillonite as the dominant clay mineral) . 
As previously mentioned, bentonite is an ex-
tremely varial:Jle substance. Its variability is re-
lated to the differing rates of chemical breakdown 
and weathering of the parent minerals found in the 
original rock or ash material. In some deposits, 
the conversion process is only partially complete, 
with more resistant minerals, such as quartz, re-
maining as contaminants in the clay . Generally, 
however, the decomposition and conversion proc-
ess is nearly complete in deposits with commer-
cial possibilities, with less than 30 percent of 
contaminant materials remaining in the clay. 
Figure 14 . -Sllt depr1s1 t ,n j r)hn ;\lartrn rr-sen ,), , ,.Jn th,, .,\ ,konsas R !l er 
near Las /\nzmas, Cr.J!CJ. 
Figu re 15.-Alkal, lake bed dep os its ,n the San Luis \'alley near ,\lo/fat, 
Colo. 
Figure 16 . -Flood pla in deposit, eas t of Delta, Colo. 
Figure 17.-Benton;te seam in rock near \l'etmore, Colo. 
Figure 18. -Bentonite layers in the Morrison formation near Fruita, Colo. 
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F1f!_ure /'!. -Clay layrrs i11 !he Laramie formutio11, suath of Boulder, Colo. 
Figure 20. - Badland exposure o/ clay in the Wa sa•ch fo rmation , north of 
Meeker, Colo. 
Figure 2 1.-B entonite seams in volcanic rock exposed in gullies of far 
slope. east of Conejos, Colo. 
Development of Clay Deposits 
In contrast to Wyoming bentonites that are 
available commercially as a processed material 
of established specification grades, Colorado clays 
of grades suitable for sealing purposes have been 
found in this study to be generally undeveloped. A 
drilling- mud type of Wyoming bentonite is used for 
seepage control projects. In contrast, production 
of a uniform quality product is a serious problem 
with most (but not all) locally available Colorado 
clays. 
During this study it was found that a major part 
of the development work on Colorado clay deposits 
has been accomplished by local earth-moving con-
tractors, with lesser amounts done by irrigation 
districts and individual prospectors. 
Since the market for the c lay product, as well 
as m ost of the deposits, is relatively undeveloped, 
the major tonnage of clay for sealing purposes has 
been sold, to date, by those equipped to do both the 
sealing work and the mining and processing of the 
clay. 
As is to be expected in any new industry, the 
quality of the produced clay pr oduct for canal and 
pond sealing purposes in Colorado varies widely. 
One major problem is the understandable tendency 
of users to buy on a price rather than a quality 
basis. 
Figures 22 and 23 show two developed deposits. 
Figure 22. -Bentonile deposit witb grav1/y loading arrangement nea r 
Grand Jun e/ion, Colo . 
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Figu re 2 3. -Benlonile pi! near Salida , Colo. 
Clay Testing Procedure 
Laboratory tests commonly used to eva luate 
clays, including bentonites, vary widely with the 
contemplated use of the clay. Most available tests , 
such as those used t o evaluate clays for use in the 
ce ramic foundry and petroleum industries, do not 
apply to sealing uses. For example, the tests that 
define the firing prope rties of a clay do little t o-
ward defining the sealing properties of the clay. 
However, some of the tests used to evaluate ben-
tonites for drilling purposes have been helpful in 
the development of test procedures pertinent to 
canal and pond sealing (27, 28). 
Figure 24 is a flow chart of testing procedures 
used during this work t o evaluate the Colorado-
clays for sealing purposes. Each of the test pro-
cedures is discussed briefly in this section. De-
tailed instructions for each test and the details of 
development for each test procedure may be as-
sembled in report form at a later date if sufficient 
interest in such a report develops. 
Figures 25 t o 32 show the laboratory testing. 
Figure 24 
Flow Chart for Testing of Clay 
Field Clay Sample 
10 lbs. or more 
Chemical Testi.M Moisture Content Storage Sample screened 
-#14 of field deposit l pt. -- onl,v sample l qt, -- Agron. Dept. - CSU retained after testing 
Mineralogy Sample Preparation Mixin11: Index 
screened screened Standard washing test 
l qt . -- Geol. Dept. - CSU -#4 Air-dried and crushed -#4 +#IJ 20 gram sample 
I to - 3/4-inch 
I 
Completed after other t esting I 
if good results I 
\ ...-l""I 
' ---_._. L Split Sample r 
Layer Permeability 
Falling head permeability 
test 
1 Pint screened Free Sweii Index - ~creened - ~8, oven -#30 +#';I) Comparison of wet dried to dry volume 
Filter Permeability 
screenec 
Pressure f i lter test -#4-0 
Particle Size Analysis 
Colloidal Yield Grit Content 
Colloidal clay content Sand content 
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Moisture content -- In-place clays at deposits 
frequently are quite moist--as high as 40 percent 
for good quality clays. Since gummy wet clay is 
difficult to use for canal or pond sealing, informa-
tion on the in-place moisture content is important. 
Some drying of the clays at the deposits is almost 
always needed since a dry granular clay is best 
for sealing purposes. 
The determination of m oisture content involves 
weighing a small sample befo re and after drying, 
then calculating the moisture content on the basis 
of the dry weight of clay. Moisture content data 
were obtained for only a few of the developed de-
posits of clay, usually on a direct service basis 
fo r individua l producers and fo r the specific pur-
pose of encouraging moisture removal (by drying) 
by the producer. 
Sample Preparation - - Briefly , this consists of 
preparing the field sample, which is often lumpy 
and even gummy, for labor atory testing. As s hown 
in fi gure 24, the sample preparation consists of 
air- drying, crushing to 100 percent passing a 3/ 4-
inch screen, and dividing the sample with a sample 
splitter into representative portions for the vari-
ous laboratory tes t procedures . 
Most of the laboratory testing is run on a 1-
pint sample of clay, crushed t o 100 percent pass -
ing a U. S. No. 8 s ieve (openings about 0.1 inch) and 
dried at 105° C fo r 24 hours . Exceptions include 
samples used for the mixing index t est and for 
chemical and mineralogical testing. The excep-
tions a re air- dried rather than dried at 105° C. 
Chemical and mineralogical testing was not run on 
a ll samples. 
Figure 25. -Splitting sample in to represen tat ive portions. 
20 
Layer Permeability -- This test is pointed at 
the layer applications- -both buried membrane and 
mixed layer methods. The layer permeability test , 
consists of placing 50 grams of the prepared clay · 
sample in a plastic permeameter (2.5 inches I.D.), 
t apping the tube gently until the clay layer is uni-
formly 0.6 inch thick, slowly saturating the clay 
layer from below (if possible), ponding water above 
the clay to a depth of 52 inches, initially, and 
running a falling head permeability test. 
Clays acceptable fo r sealing purposes should 
have a loss r ate of 0.005 ft. / day or less in the 
layer permeability test. 
Figure 26. -Equipmenl for layer permeability lest . 
Filter Permeability -- This test relates to the 
wash-in applications whe r e flowing water is used 
to carry the clay into the leaky zones of the canal 
or pond. It cons ists of thoroughly dispersing 8 
grams of prepared clay sample into 400 ml. of 
water, placing this 2 pe r cent mixture. in the filter 
press assembly, applying air pressure equal t o 30 
inches of mercury (approx. 14. 7 psi), and calculat-
ing the filter permeability (volume of filtrate di-
vided by the time or ml./ min.). The results give a 
rough measure of the water tightness when the 
clay is washed into place in the leaky zones of the 
canal or pond. 
A filter permeability loss r ate of 10 ml./ min. 
(about 0. 61 cu. in./ min.) or less is desirable for 
sealing clays . 
Figu re 27. -Filler permeabilily equipmenl. 
Figure 28 . -Filler cup wi lh fil le r pape r inse rl. 
Mixing Index -- This test relates mainly to 
wash-in applications . It gives a measure of t he 
ease of mixing which i s especia lly important if the 
clay is to be washed into suspension from dams in 
a canal. The test is run on a 20- gram sample of 
air-dried clay that is 100 percent retained on a 
U.S. No. 8 s ieve and 100 pe r cent passing a U.S. No. 
4 sieve. The sample is placed in the mixing index 
apparatus, and washed fo r 30 seconds with an up-
ward stream of water (under 3 inches of m e rcury 
pressure) . The m ixing index is calculated by de -
termining the percentage of sample lost by wash-
ing in this test. 
The pressure head (3 inches of mercury or 
about 3.4 fee t of water) and the washing time of 30 
seconds was set so that clays with the fast est mix-
ing time in field trials have a mixing index near 
100 percent (loss) while the slowest mixing c lays 
have a mixing index near 10 percent· (90 percent 
left after test). 
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Figure 29. - Mixing index lesl just prior lo s /arl of water wash ing. 
Free Swell Index - - The amount and kind of 
swelling fo r a given clay will vary with the tech-
nique used for the determination of swelling. The 
free swell test used in this work i s a m odifi cation 
of a procedure used by the Bureau of Re clamation 
(Petrographic Laboratory Reference No. 60- 6) . In 
the test, 10 cc of an oven-dried and screened ma-
terial (passing U.S. No. 30 screen and retained on 
U.S. No. 50 screen) i s s lowly s ifted into distilled 
water in a gr aduated cylinder . The free swell i s 
the ratio (expressed as pe r centage) of the wet to 
dry volume . 
Free swell indexes vary from negative values 
(shrinks when wetted} t o as much as 2,000percent. 
The minimum values of swell index vary with the 
type of sealing clay, but for all types it should 
exceed 50 percent. 
Figure 30. -Free swell les l. 
Particle Size Analysis -- Because of the large 
number of samples processed during this work, a 
complete particle size analysis was run on only a 
few of the clay samples. Two particle size deter-
·minations were made on all of the clay samples: 
1. Colloidal yield -- This is the percentage (by 
weight) of the clay sample that is extremely fine-
grained or of colloidal clay size (minus 2 micron 
size of little or no grittiness when tasted). It is 
Figu re 31.,-Colloidal yield les t . 
determined by dispersing or mixing thoroughly 20 
grams of clay with 2.0 grams of dispersant (so-
dium tripolyphosphate) in 1,000 cc (1.08 qts.) of 
distilled water. After thorough dispersing, the 
mixture is allowed to set undisturbed for 24 hours. 
The amount of material remaining in suspension 
after 24 hours is determined by hydrometer anal -
ysis. The colloidal yield is defined in this work as 
Figure 32.- Gri t conten t tes t. 
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the percentage of the original sample remaining in 
suspension after 24 hours. 
2. Grit content - - Upon completion of the col-
loidal yield test, the mixture is washed through a 
U.S. No. 200 sieve . The grit content is the percent-
age (by weight) of the total sample that is retained 
on the No. 200 sieve (openings-- .074 mm or .003 
in.). This is the nonsoftening (upon wetting) or 
sand fraction of the sample. 
Chemical and Mineralogical Analyses -- This 
testing was performed on only the best or the most 
unusual Colorado clays. Chemical testing was per-
formed by the chemical laboratory of the CSU 
Agronomy Department. Mineralogical testing was 
done by the CSU Geology Department. Chemical 
testing included: cation exchange capacity, water 
soluble cations, exchangeable cations, exchange-
able sodium percentage, saturation percentage, 
conductivity, CaC03 equivalent, and pH and gypsum 
content (29, 30). The mineralogical testing was 
performed by X-ray diffraction. 
Discussion of Clay Testing Results 
The results of the testing of clays in this study 
are shown in table II at the end of this section. The 
results are discussed by tests. 
Layer Permeability - - This test pertains most 
directly to layer applications. With the permeabil-
ity rate as determined in this test, a rough idea of 
the thickness of clay layer required in field instal-
lations may be obtained. F or example, assuming a 
goal of reducing the loss to about a 1-inch drop in 
water level in 24 hours, 7 the tabulation below will 
apply: 






T hickn ess of loosely p lac ed cl ay layer• 
if wacer dept h is 
I ft , 3 ft. 5 ft. I O ft. 
1. 4 4. 3 7.2 14. 4 
0. 7 2. 2 3.6 7 . 2 
0 . 1 0.4 0 .7 l. 4 
0 .0 1 0 .04 0 .07 0 .1 4 
• 1 ecessa ry to red uce seepage loss to l " drop / 24 hrs . 
The laye r thickness values are by no means 
exact. They ar,e helpful in a general way only. For 
example, most clays when placed in field installa-
tions are compacted. The values shown in the table 
above are for loosely placed clay. Since compact-
ing reduces permeability, the above thicknesses if 
used in field installations, should be on the safe 
side. Also, if a prepared field clay has lumps up 
to 1/ 4- inch size, it will be impossible to spread 
clays in layers as thin as 0.01 to 0. 1 inches. The 
minimum thickness of layers for a given clay re-
lates not only to the permeability of clay but also 
to the maximum size of lump in the clay. 
7This is a reasonable goal, especwlly since it is about the same size 
as th e maximum evap orat ion loss from a pond in this a rea on a hot and 
windy day . 
Filter Permeability - - This test relates most 
directly t o wash-in applications. To give a general 
idea of what the results mean, loss rates for 
several materials are listed below: 
One-eighth inch of No. 40 Ottawa sand lost 
1,440 ml. / min. 
One-eighth inch of local sandy soil lost 1,003 
ml./min. 
Filter paper a lone (at bottom of cup) lost 651 
ml. / min. 
Best clays have loss r at es below 10 ml./ min. 
(. 61 in3/min.) 
The t est s hould give results on the safe s ide 
because the pressure head used in this te s t (equal 
t o about 34 feet of water) exceeds that found in 
virtually all field installations in ponds or canals . 
Mixing Index -- In general , c lays with low val-
ues of layer and filter permeability also show low 
values of mixing index. The few exceptions t o this 
gene ralization--those with high mixing index and 
low permeability--are best for sealing purposes 
using the wash-in methods in canals and ponds. 
The favorable clays for wash-in work have a mix-
ing index of 40 percent or m ore . 
An interesting research problem would be the 
attempt to learn why only a relatively few of the 
impermeable clays have a high mixing index. It 
seems likely that the key to this problem is re-
lated to the geological history of the clay deposit. 
Those deposits which have been deeply buried in 
the past seem to have low mixing indexes, while 
the clays of high mixing index are usually in re-
cent deposits with no past history of deep burial. 
Free Swell Index - - From the standpoint of 
sealing pr ope rties , the fo llowing has been ob-
served: 
1. All clays have a high swell index (600 per-
cent or greater) have low permeabilities. 
2. All clays with high permeabilities have a low 
swell index (50 percent or less). 
3. Some clays with a low swell index also have 
low permeabilities. 
Thus, if clays are selected on the basis of a 
high swell index, no poor sealers will be picked, 
but some good sealing clays (especially those best 
for wash-in applications) will be missed. 
The swelling is especially helpful when the clay 
is placed dry in a canal or pond. The swelling upon 
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wetting reduces the permeability. In low-swell or 
nonswelling clays, permeability reduction upon 
wetting will not occur. Compacting of the clay 
layer is required to produce low permeabilities in 
most low to nonswelling clays. 
With only a few exceptions, the Colorado clays 
showed a free swell index below 300 percent. 
Particle Size Analyses -- For many sealing 
applications , a high colloidal yie ld (50 percent or 
more) and a low grit content (10 percent or less) 
is desirable , but for sealing coarse r ocky materi-
a ls up to 30 pe rcent grit (or more in extreme 
cases) may be necessa ry as bridging agents in 
large voids of the leaky materials. Thus, a high 
colloidal yield and a low grit content a re not in-
fallib le indications of a good clay for sealing pur-
poses . In fact, in some cases such a clay will not 
hold water. F or example, see the results of test-
ing of sample S 33-1 in table II (sheet 5 of 9). 
Chemical and Mineralogical Analyses - - The 
results of this testing are given in table III at the 
end of this section. A few gene ralizations relating 
t o Colorado clays can be made. 
In general , the favorab le clays for sealing are 
those with the highest cation exchange capacity, 
exchangeable sodium percentage, and pH, and the 
lowest content of gypsum and water soluble ca-
tions. Also, the favorab le clays generally are 
dominantly montmorillonite. 
Suitable clays usually exhibit some swelling 
upon wetting and almost a lways are 10 percent or 
more sodium- saturated. 
A general idea of the chemical and mineral-
ogical qualities of the clay can be obtained from 
the routine testing. In the filter permeability test, 
for example, clays that give weak fluffy filter 
cakes and high filter loss values are usually cal-
cium clays, whereas those that give thin, tough 
filte r cakes and low filter loss values are usually 
sodium clays. 
The free swell index test will also give indica-
tions of the clay minerals present. Kaolins, for 
example, swell only slightly when wetted or hy-
drated. Sodium montmorillonite, on the other ex-
treme, commonly swells in water to many times 
its d r y volume-- sometimes as much as 20 times 
or more. Calcium or magnesium montmorillonite 
and hydrous mica, or so-called illite, fall between 
the two extremes in swelling properties--usually 
in the range of 1 to 5 times the dry volume (or 100 
percent t o 500 percent) (29, 30, 31). 
Since the Colorado clays are usually mixtures 
of various clay and nonclay minerals, they give a 
wide range of colloidal yields and grit contents . 
For comparison purposes, however, a pure sodium 
montmorillonite will commonly give a colloidal 
yield of 80 percent or more (with or without dis-
persant) and a grit content of 5 percent or less. In 
contrast, the same montmorillonite when calcium-
saturated (in other words, a calcium montmoril-
lonite) may give a colloidal yield as high as 80 
percent Y:'..illl dispersant and as low as 40 percent 
or less without dispersant. The grit content of a 
sodium clay will usually be about the same as for 
its calcium counterpart. 
TABLE II Sheet 1 of 9 LABORATORY TEST DATA 
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L&b Bae and location Teated Yield Content I Filter /mJ. / min\ I Lover /ft/day) I Index Index Teating 
Nv . .. <I, I > 10 I < 10 l > o.oos 1 < o.oos l .. ~ 
ARKANSAS RIVER BAS!ll 
S29- l Poncha Springs (Mumma) 60 15.0 19 .7 24.8 
5 mi W of Salida 
S48-l " 60 30.6 2.4 4.3 0. 0003 ~ -7 llO . 
-2 " 60 18.4 21.4 3.0 0.0005 61. 5 42 
S49-l Silver Rocker (Lsmberg) 60 15.9 }1.5 3.4 0.001 1}.3 35 
} mi SW of Hovard 
- 2 " 60 17.6 57. 2 2. 7 0 .001 21. 6 20 
-3 " 60 35.6 6. 7 2. 5 0.0003 TI.7 lOO . 
-· 60 49 . 8 . 22.1 1. 9 0.0003 54.3 75 
- 5 " 61 30. 2 15. 0 2.9 0. 0009 83 .3 105 
-6 " 61 34.3 18. 8 4.4 0.001 96. 5 200 
-7 .. 61 26.4 34. 5 3.0 0.002 62 .4 90 
-8 " 61 21.6 9. 2 2.9 0.001 81.3 95 . 
-9 " 61 20. 4 9 .7 2. 7 0.001 71.6 llC 
-10 
, 
" 62 40 .o 5. 1 2. 2 0.001 33 .4 280 
S34-l F. G. !Cesaler bO 26. 1 0.9 26. 7 0.0 93.5 60 . 
2 m1 S of Hovard 
-2 " 60 22 .9 0.8 19 .1 0.015 60 
-3 " 60 20. 2 28.4 18.6 0.027 
-· 60 14, 2 51.4 23. 1 0 .018 
- 5 " 60 27 . 7 2.6 10.1 0.001 91. 5 50 
-6 " 60 22 . 5 1.4 36. 2 0.032 93 .9 68 . 
S47-l -- 60 24 .} 12. 2 18.0 0 .173 . 
2 mi E of Silver Cliff 
S78-l Fred Vahl.d1ck 60 14, 7 28.6 39 .0 
2 mi W of Roaita 
-2 " 60 42. 2 15. 5 36. 5 0.067 91. 5 25 
-3 " 61 23.} 41. 5 ll,9 
_,. " 61 41, 8 18. 8 12. 8 
- 5 " 
3/4 Id S or Schoolfield Rd 
61 31. 2 48.9 12. } 0.034 62 . 8 40 
-6 " 61 56 .1 
Wa.e:te mat ' l at perlite mine 
25 , 7 9 . 4 o.o46 81. 8 75 
-7 Kastendieck.-nee.r West clif'fe 63 25.0 24.6 7 .3 0.13 ,4.2 35 
-8 " 63 30.0 23 . 4 7 . 7 0. 24 •3. 2 50 
Sll.2-1 Silver Cliff Sand 63 15.0 5. 1 9. 8 0.05 
- 2 
63 10.0 17.9 10.7 0.01 30 
664-1 Harvey Bros. Ranch 60 44.3 
llear Pa.rk.dal.e 
18. 8 130.0 0 .074 38. 1 40 
- 2 " 60 28. 7 18.0 79. 2 
!'rem cut . 4 mi N of house l -3 " 60 23 .9 8.3 8. 5 0 .003 ll,0 A ban . cla..v mine -10 
832-1 Davidson Ranch 60 33 .0 12.1 79.1 0.028 91. 2 55 SW of ll lllile Reservoir 
828-1 Frank Dilley Ranch 
8 mi 1' of Canon City 
60 39. 5 8.3 5.1 0.0006 77. 5 98 
-2 " 60 39,6 7.9 4.8 0.002 34 .9 88 . 
lat nob eut 
-3 " 60 37.0 9.1 10.3 o.oo06 48. 5 2nd nob cut 90 ... " 60 49.f 2.0 1. 1 0.003 30 
COlll)iled by G. A. Lut~ and L. G. White • See TGble III for results of chemic&l and m1.nera1og1c&l. testing of these aamplea 
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Lab Name and Location Tested Yiel d Content I Filter (ml/min) I Layer ( t't/lay) I I ndex I ndex Testing 
No. i i I > 10 I < 10 I > 0 .005 I < 0.005 I i i 
ARKANSAS RIVER BAS m (Continued) 
S28- 5 Frank Di lley Ranch Eo 30 . 2 5.8 8.3 0.001 Eo 
8 mi N of Canon City 
-6 " Eo 43 . 8 6.o 8.0 0 .0 100 
-1 " 61 34. 4 ll. 4 1 .1 0.004 51 ,9 9C . 
East side of stock p i l.e 
-8 " 61 31. 3 ll. 7 8. 9 0.004 63.9 10 
West side of s tock pile 
-9 " 61 33. 9 8.8 5. 5 0 .005 51. 3 50 
-10 " 61 37. 1 9 . 6 4. 7 0.008 85 ,0 Eo 
-ll " 61 3 5.8 8. 8 4.o 0 .006 98. 2 5 
-12 61 34.1 8, 5 4, 7 0 .009 96.o 40 
-13 " 61 42. 8 5. 2 5, 7 0 .003 93 . 9 75 
-14 " 62 33. 8 6 .3 6. 4 0,002 46, 7 9C 
Nob No. 2 
-15 " 62 27.5 5. 1 5, 8 0. 004 29 ,8 65 
Nob No. 3 
Sl05-l City Re s ervo i r embankmem. 62 20 .0 9, 2 8. 7 o .ofo 43. 3 30 
3 mi S of Flor ence 
-2 " 62 ll. l 10.1 10. 2 o .o8o 43 , 0 10 
-3 62 20 .0 13 .9 ll. 5 0.010 53 . 0 20 
200' N 
-4 " 62 15.0 ll. 2 ll.l 0. 150 53 .0 10 
200 ' s 
S87 - l Sponboltz (Essmeier) 61 31. 0 4, 8 25. 6 0,006 61. 3 9C 
1. 5 mi W of Wetmore 
-2 " 61 28. 4 10 .1 18. 9 0.040 59,9 20 
2 . 5 mi NW of We u.:ir e 
S82-l Hoyt Adki ns Ranch 61 20 . 8 42 , 7 4. 1 0. 0003 91 .3 10 
Ne ax Penrose 
-2 " 62 15.0 43 . 6 5. 0 0.030 94 ,0 0 
S59-l A. L . Wands - - near Pueblo Eo 10 , 2 67 . 2 10 .4 0.036 
From nev pit 
- 2 " Eo 25 .0 27 .0 ll. 8 0 .032 
From old p i t 
S73-l W, A. Mahan -- near Puebl o Eo 17. 2 65.3 9 , 8 0.039 
- 2 " Eo 31. 7 3. 2 11.0 0 .034 82 , 4 50 . 
Lt . grey to gre en 
-3 W. H. Everhart 61 ll.l 8.o ll. O 0 .049 
Near Pueb l o 
S3 5- l H. N. Embry Eo 10.0 73. 1 75.6 0 .069 
Ne ar Pueblo 
Sfo-1 Na.t . Clay Products (Welte ) Eo 25.0 9.4 48. 8 0 .057 38. l 20 
In S Col o. Springs 
-2 " Eo 30.0 5,0 35 . 6 0 .039 42 . 6 25 
10 ' below S6o- l 
-3 " Eo 27. 5 6. 5 38.o 0 .033 63.6 50 
Compos ite of floor mat ' 1 
-4 " Eo 33. 2 3 . 5 51 .0 0 .030 62 . 1 30 . 
Olive brn shale above S6o- l 
S86-l Mill t ailings (D. Hamon) 61 32. 7 38. 5 6 . 1 0 .030 10. 5 20 
3 mi W of Victor 
o•v - .L nuu.p1 n Hancb "" J~. I <,. u .L. o v , v .LG . G 'jU We st of Red Wi ng 
s44 -1 R008:ers Lease - - S o f Las Eo 55. 3 5.1 0 . 9 o.o 12.6 230 
Animas above Muddy Cr. Res. 
- 2 " Eo 63.0 4. 1 0 . 9 0. 0 ll. 5 310 
-3 St ough Ranch -- S of Las Eo 55.0 7,8 4, 1 0.001 31 . 5 110 
Animas above Muddy Cr. Res. 
-4 School Section (Butterfield) Eo 66.1 1. 9 3. 6 0 .0001 8, 5 250 . 
above Mudd.v Cr. Res. 
-5 " Eo 58.0 3 .9 1. 0 o.o 16.9 150 
-6 " 61 31. 0 35 . 2 19,4 0 . 220 96.9 
-1 " 61 46.o 13. 8 64. 7 0. 110 23 . 9 
Compi l ed by G. A. Lutz and L. G. Wb i t e * See T<!l-ble llI for results of chemical Md mineralogical testing o f these samples 
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LABORATORY TEST DATA 
I I 
Yeu I Colloid! Gr i t T'J-- - '- i 14+v Teats Mixing 
I 
Svell Add ' l 
Lab Name and Locat ion Te sted Yield Content Filter (ml/min) I Layer ( tt / d~vl Index Index Test i ng 
lio . " " > l.O I < l.O I > o oos I < o oos " " 
ARKANSAS RIVER BASill (Continued) 
s4li-8 School Section (Butter f ield) 61 38 . 2 38. l 15. 4 0 .028 69.3 
Above Muddy Cr . Res. 
-9 " 61 59 . 5 o.8 1. 6 0 .001 19. 1 
-10 " 61 39,6 6. 7 1. 9 o .o 19. 6 
-ll " 61 30 .3 23 .9 10.0 0.001 42. 6 
- 12 " 61 59 .9 o . 8 1. 9 0 .0003 41, 1 
-13 " 61 40 . 4 6 .8 1 .3 0.0 7. 1 
-15 " 62 52 .9 2.3 1. 4 0 .0 15. 4 325 
-16 " 62 51. 0 0.9 5.3 0 .0003 21. 6 240 
Brovn and Reddish mat' 1 
-17 Sto\lgb 62 60.0 2.1 6.0 0.002 20 .3 2l.O 
Greenish mat' 1 
-18 School Section (Butt erfiel d) 62 eo.o o.8 2.6 0.0003 17 .3 640 
Bl ack mat' l 
-19 " 62 55.0 2.6 1. 0 0.0 13 . 5 250 
Wet mat' l above Muddy Cr . 
-20 " 62 51.5 ; .6 1.3 0.0 7 . 4 225 
Dry mat' l ebove Muddy Cr . 
- 21 " 62 53.8 2. 5 1. 6 0.0002 16.6 185 . 
Random sample of s tockpile 
- 22 " 62 33.8 0 ,9 3. 1 0 .002 eo 
Wet mat' 1 in stockpile 
- 25 " 62 55.0 4.1 1. 9 0 .0003 220 
Dry mat' l on surface 
- 24 " 62 60.o 8, 4 1.3 175 
Upper gre en 
-25 " 62 82 . 5 0. 6 l, 2 250 
Upper black 
- 26 " 62 52 , 5 16. 5 1. 6 145 
2nd bed - - grey green 
-27 " 62 46.3 7,6 3. 7 165 
1st bed - - br ovn 
- 28 " 62 53.8 2.6 2,6 310 
Grey clay 
- 29 62 83 .8 0. 2 0,8 ~"" 
2nd bed - - b l ack 
-30 62 59 , 4 1. 2 0 .9 275 
3 r d bed - - green 
-31 " 62 65,0 1. 2 1. 0 
S Draw - - 3' green 
-32 62 72 , 5 3 . 6 1. 5 0 .001 15 2:,u . 
Composite s ample 
S4 5-l A. F. W88?1e r 60 55.6 7.9 16.8 0 .005 38.2 130 . 
2 mi SW of L as An imas 
S44 -14 Silt depos ited i n John 61 52 .0 0. 1 15,9 0.030 75 
Martin Res . near Lamar 
S58-l Robinson Brick & Tile pit 60 29, 5 25. 1 12. 5 
3 mi S o f C·alhan 
- 2 " 60 35,8 25,3 12. 5 
S57-l Robinson Brick & Ti l e p i t 60 10.8 22 .3 39,8 
2- 112 mi SW o f Pevton 
SOUTH PLATTE RIVER BASIN 
S61-l - - 3 . 5 miEof 60 21. 3 30.3 32. 2 
Castl e Rock on Highvay 86 
S62-l Stevens Ranch (W i senhW1t) 60 52,4 2.1 ll. 2 0.004 12. 6 40 . 
pit near Ca s t l e Rock 
- 2 " 60 43 . l 5.3 8,9 0.003 10.9 20 . 
Yel.lov f'rom s tockpile 
S63-2 Cline prospec-ts - - near 61 56 ,0 0 .9 6.3 0 .004 67, 4 60 
Kiowa -- Tucker lot No . l 
-3 " 61 55,9 0.2 4,4 0 .057 16 .3 8o 
- - Tucker lo t No. 2 
-4 " 61 56 , 4 0 . 4 4,9 0.0009 10, 2 120 
-- Cli ne -Krus e No. l 
-5 " 62 46. 5 o . 4 15, 2 0.005 36 .3 50 
-- Tucker lot No. 3 
Compil ed by G, A, Lutz end L. G. White * See Tobie. III f or r esults of chemical Bnd mineralogical t est ing of these s amples 
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LABORATORY TEST DATA 
Year Colloidal Grit I Permeab111tv Testa I Mixi ng Svell 
I 
Add ' l 
L ab Name and Location Tested Yi eld Content I Filter (ml/ min) I Layer ( n/ day) l Index Index Testing 
No . 'f, 'f, I > 10 I < 10 I > 0 .005 I < 0.005 l 'f, i 
SOtmi PLATTE RIVER BASm (Cont inued) 
S6} -6 Cline prospects - - near 62 }2.6 0.6 7. 5 0.002 13.5 '6 
Kiov a -- TUc.ker l ot Jlo . 4 
-1 62 }6. 8 } . 9 9 . 6 0 .002 16.9 45 
Tucker lot No. 5 
-8 " 62 25.l 8. 5 47.9 0 .050 12 . 0 45 
l /2 mi S of Sedmort:, lot No, l 
-9 " 62 26 .4 } . } 14 .4 0. 200 97 . 8 110 
Sec. 18 - Pine 
-10 " 62 48 . 8 6 . 9 5.0 0 .004 6o 
S65-l -- Road i:-ut on Highwa.:y 61 26,6 18, 9 17 . 6 
86, 1/4 mi W of Kiowa 
S56-l Lee Cox 6o 26.0 5. 4 19 . 4 0 . 028 13 . 2 10 . 
l mi NE of Morr ison 
S66-l Henry Pa.l..l.aor o - - on Turkey 6o 2} . 5 41. 7 16 . 9 
Creek near 4-corner s Uranium 
S}9-l Standley Lake Prospec t 6o }O.} 18 . 8 }6 . l 0.049 10.4 }5 
near Arvada 
-2 " 6o 4o.} 15. 5 18. 1 0.021 6} .l }O 
S50-l Mi ne tailings 6o 11. 5 }4 . 6 56 .0 
Near Golden 
S67-l G. C. Bennetts -- near Golden 6o 5.0 82 .1 56. 4 
:from mine in Dakota rm. 
-2 " 6o 49 . 5 0 . 2 6 . 8 0 .00} 16 . 8 4o . 
From open pit in Dak. On. 
S68-l G. W. Lindsey -- E. side of 6o }} . 4 2·. 8 5. } o .006 66 . 7 }O . 
Hy 93 , 6 . 5 mi N o f Golden 
S}7-l Rocky Flats -- N o f Gol den 6o 14 . 7 49 , 7 25 . 6 0 .01 
on Hy 9} 
-4 " 6o 28.6 12 . 5 20 . 2 0 . 014 58. 6 25 
-2 Strainland lea.se - - N o f Golden 6o 5},8 1. 1 15. 5 O. Oll 12.} }O . 
i n Rocky Flats area 
-} Plainview lease -- N of Golden 6o 15.0 5,6 15 . 9 0 . 02 
i n Rocky Flats a.rea 
-5 Marsha.l..l. Lake (Conda} 6o 4} . 8 1. 4 2} . 7 0 . 00} 68. 7 50 . 
near Marshal.l., S o f Boulder 
-6 " 61 52 . 2 0 . 2 16. 0 0 .0}6 30 
-1 " 61 5}. 2 0,2 16 . 4 0.0}4 55 
-8 " 61 4o . 5 0.1 17.0 0.0}5 50 
-9 " 61 4o.l o.6 12. 7 0.025 4o 
-10 " 61 52. 5 0 .1 15. 9 0.0}2 75 
- ll " 61 47. 5 o.4 15 . 9 0.059 69 . 9 50 . 
-12 " 62 55.0 0.2 6 . 2 0.0}8 59,0 10 
Billington sample 
-13 " 62 55,0 0. 4 5. 4 0 . 016 4".0 10 
!fW pile i n pit 
-14 " 62 53 . 0 O. } 6. 5 0.025 54 . 0 10 
SE pile in pit 
-15 " 62 55,0 0 . 6 6 . 1 0 .018 4} . 0 10 
Auger pile 
-16 " 62 52 . 5 0 . 5 6 . 2 0.013 62.0 10 
Over-s ize pile 
-17 .. 62 51. 2 o.6 1.0 0.022 52.6 6o 
From stockpile of screened 
-18 " 62 50,0 0 . 1 6. 2 0.0}0 45, 5 6o 
From stockpile of over-size 
-19 .. 6} 47 . 5 0.6 5.} 0.0} 56. 1 10 
Used in Poudre Val.ley Ditch 
seo- 1 " 61 20 . 0 20.9 19 .3 
Used in Boulder Supp.ly Canal 
S55-l E Side of Clover Basin Re s . 6o }0 .0 0 . 8 }6 , 0 0 . 02} 19 . 4 46 . 
SW of Longmont 
S54-l Br ick pl ant quarry -- betveen 6o }5.0 o . 8 26 .} 0.030 21.} }O . 
Fort Collins and Lovelmd 
S1D2-l \.latte 61 }}. l 2,9 19. 4 0.137 68. 7 50 
near \ol i ndsor 
S76-l Heinemann -- 61 30.} 2}. 8 26 , 2 
S'W of Fort Coll ins 
Compiled by G. A. Lutz and L. G. White • See Table UI for resul t s of chernics.l. and mineralogic al test 1ng of these samples 
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TABLE II 
Sheet 5 of 9 
LABORATORY TEST DATA 
I I 
Yeax I Colloidtl I Grit I Pe rmeabilitv Tests Mixing Swell 
I 
Add'l 
La o Name and Locat ion Tested Yi;ld Content l Filter (ml/ min) I Layer ( ft /day) I ndex Index Testing 
No . '/, I > 10 I < 10 I > 0 . 005 I < 0.005 'I, '/, 
SOUTH PLA.'ITE RIVER BASIJl ( Continued) 
S41- l VandlemM -- Bi ngham Hill 6o 16. 0 l.l. 9 22. 5 0 . 0.) 
Road NW of Fort Collins 
S51- l Leroy Smith 6o 29 - 5 31. 4 29 . 1 
near For t Colli ns 
S41-2 L'.! rcy Smith Pond (black muck) 61 10. 5 20 . 2 10.1 o . 20 
tast o f Fort Collins 
S€3 -l Sherman Roberts 61 23 . 5 23 . 4 5. 4 0 .001 46.3 35 
near Fort Coll ins 
-2 61 22 . 7 27 . 9 3 . 4 0 . 0006 69 .9 25 
S".19 -1 Mo n- i son f'm -- 3 . 5 mi NW 6o 5-3 65 . 4 l.l. 5 0 .032 
of Laporte 
Sl1o1 -l Poud.re Valley Canal 63 17. 5 36 . 4 5. 1 0. 2 86 .3 
near Ted's Place 
-2 63 5.0 46. 9 6 .3 0.06 13 .3 
S:d'." of h i ll -- shale 
- ) 63 2. 5 55 . 7 5-9 0 .04 7. 8 
Bot. tom o f c anal - - shale 
S3 -1 DMot a f'm - - 4 . 0 mi N'"1 6o 04 . l 0 .6 n . 8 0.001 43. 8 10 
O! L :t.por te _, oO 56 . 5 1. 6 10 . 5 0 .003 1lo. l 1.10 
S5Z -2 Gr eenacre Ranch 6o 50 . 4 1. 6 1a.o 0.001 82 . 9 6o 
near Wave rly 
S31- l Play a. Lake deposit (Wyble) 6o 57 . 7 1. 8 8 . 6 0.002 32 . 8 1.10 . 
N of '"e l.lington 
- 2 White a.sh (Wy bl e ) 6o 4 . 0 1.1 269 . 3 
? 
<:;~> - 1 E. F. Munroe -- 18 mi N 6o 73.3 3 . 1 189 .0 0.009 82.1 145 . 
of Fort Coll i ns 
-2 6o 76 . 2 2. 0 5.0 0 .001 • 7.1 =, 
- ) " 61 Bo .a • .) .1 30 . 0 
S51-4 E. F. Munroe -- used i n 61 85 . 0 1. 7 84 .4 
Smith Pond ne ar For t Collins 
S52 -·r E. F. Munroe - - black shR.le 6o 12. 3 5o . 7 18.4 
above ~"'I "'I ben ton i te 
-8 E. F. Mt.m roe - - shale bet..,een 6o 6.0 11 .1 194 .0 
bentoni te beds 
-9 E. F. Munroe -- ve.ll ey alluvium 60 )0 . 5 17. 5 )< . ) u . u• "<! . cu 
E of S33 benton i te 
-10 " 6o 19 . 5 2· 0 97 . 3 
S52-l Warren Livestock (Wybl e) 6o 6 1 . 0 • ) . 1 78. o 0 .001 82.9 6o . 
25 mi N of Fort Coll i ns 
-3 .. 6o 12. 5 1 .0 185.o 
6' l ayer under 15' overburden 
_4 6o 33 .3 16 . .) 159.0 0.02 93.1 50 
4· l ayer of ~ ite c l ay 
- 5 " 6o 14. 5 4. 7 200. 0 0.05 91 .1 90 
3· layer of ey clay 
-6 .. 6o 32. 5 30. 1 145 .1 
5' l ayer of Yb i te c l ay 
-1.l 6o 4-0. 5 s 15.6 98 . 2 0 .01 83 .0 10 
4' layer N of road 
-12 .. 6o 8 . o 8 . 3 66 . 7 0.03 83 .1 6o 
4 • layer 200' above N road 
-}j 6o 39 . 0 7 . 4 79 . 8 0 . 04 83. 5 55 
12' l ayer 300' above N road 
-14 " 6o 31.3 ~-6 79 .0 0.09 50 
Di r ectly unde r wh ite cap 
-15 6o 5.0 46.9 90 .0 
Wh i te c ap 
-16 .. 6o 4? . 0 :,.1 9 .1 72 . 7 0 .06 10 
100' S of r oad 
-17 .. 60 45.0 ' 9 . 3 42 . 5 0 . 04 55 
South of road 
-18 6o 45 . 8 \, 2. 2 66 . 4 0 . 03 99 .0 75 
South s ide of road 
S51 -3 Warren -- used i n Smith 61 .)4 . 0 15.1 16. 4 
Pond near Fort Collins 
S77 -> C. G. Schr ader -- near 60 34 . 5 4 . 6 42 . 2 0 .04 38. 7 35 
Rockport 
-2 .. 6o 35. 3 8 . 8 35.0 0 . 03 46.o 4-0 
Compiled by G. A. Lutz and L. G. White * See Table I II for r esuJ.ts of chemical and miner aJ.ogics.l testing of t hese samples 
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TABLE II 
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LABORATORY TEST DATA 
I I 
Year I Colloidal I Gr it I Permeability Testa I Mixing Svell 
I 
Add'l 
Lab Name and Location Tested Yi:ld Content I Fi l ter (ml/min) I Layer ( rt/day) I Index Index Te•ting 
llo, 1, I > 10 I < 10 I > 0.005 I < 0 . 005 I 1, 1, 
SOU'D! PLATTE RIVER BASm (Continued) 
S53-l Whi te Rose Coal Mine near 60 46. 5 0.9 78.6 0. 04 35,8 30 . 
Carr 
-2 -- E a ide of Hy 87 on 60 35 . 8 8. 7 39. 2 0.06 25 .3 35 
S aide Lone Tree Cr. near Carr 
Sl03-l Jake Croiaaant -- co\.U'lty p i t 62 25.0 4. 1 14. 7 0.049 14. 7 10 
1. 5 mi SE of Hardin 
S36-l C. G. Schrader -- N of 60 48.9 2.6 28. 9 0.02 100. 0 100 
Fort Morgan 
- 2 " 60 43, 7 2.6 l} .3 0.004 99.l - l.l(), 
,-3 " 60 54. 5 2. 5 18.0 0,01 5} . 2 50 
-4 " 60 52 .3 1.7 26 . 7 0.004 47,0 l}O . 
Pavneee Buttes N o f Ft . Morgan 
- 5 " 60 57 . 6 5. 5 48. 7 0.0009 77 .9 100 * Pawn ee Buttes N or Ft, Mor gan 
-6 " 60 1. 8 68.l 55 . 7 0 . 07 
Road cut near Keota 
-7 " 60 1. 3 l}. 5 77 .2 0. 106 
White ash 
-8 " 60 60 .o - 6 .3 97 . 5 0 .085 
Grey clay 
S74 - l Bartel.le Ranch -- 9 mi 1' 60 42. 5 1.1 74. 6 0.019 32 . 7 70 
of Ft . Morgan 
- 2 " 60 38.8 l. 2 74.6 0 . 019 32 . 7 70 * 3/4 mi E of S74-l 
-3 " 61 35,8 6.4 lll.3 70 
50' up !"ram stake (Schrader llo . 3) 
-4 " 61 38.8 2.8 31. 0 60 
75' up f'rom stake (Schrader No. 4) 
-5 " 61 40 .o , 1. 5 ll9.l 
Schrader No. 5 
-6 " 61 10 .8 25.l 12.0 o .u4 
lmiW otlfy52 
-7 " 61 15. 0 16.2 35. 5 
l mi W of Hy 52 
-8 " 61 34 . 5 10.0 U 8.0 
Schrader No. 6 -- 10' trench 
-9 " 61 43 .0 v 0 .8 ll7.0 85 
Schrader No. 7 -- Boo ' E of road 
-10 " 61 36.8 1. 6 52 . 8 Bo 
Schrader No . 8 -- W of road 
S63-l -- 2. 5 mi S on Hy 71 60 41.9 , 1. 7 12. l 0.004 24.3 60 . 
fl-om Last Chance 
S71-l -- W side of Hy 63 60 35 .0 16.4 19 . 5 o.o6 25 , 7 25 
8 ml N or Akron 
S70-4 -- in ol d brick pit 60 29 , 8 12. 7 12.l 0.04 31. 8 30 
l mi JI of Ili ff 
S70-l J. P. McKenzie Ranch (Yahn) 60 4.o 43.4 54 . 4 
9 mi N of Iliff 
-2 " 60 l}, 8 25 .8 38,0 
300 yds N of S70-l, near Iliff 
-3 " 60 3 . 8 57,9 94.0 
Badlands near r anch, near Il i ff 
: SAN WIS VALU:.Y 
S94-l Alkali fl.a.ts -- l3 mi E of 61 68. o 1. 4 0 .9 0 . 0 28 .6 120 . 
Saguache 
S30-l Joe White -- 60 24,9 48.0 10. 8 0 .057 
near La Gari ta 
S40-l -- (Cbap1UU1) near 60 } .3 73 . 7 
Center 
-2 (Chapman) llE of 61 42.8 6.3 1..0 0 . 0004 100.0 50 
Hooper 
-3 -- (Cbapman) 3 mi E 62 41.9 22 .3 o . 8 0 . 0001 25 
and 6 mi N of Center 
S40-4 Cowan lease -- NE of Hooper 62 47. 5 4. 6 0. 7 0 .0003 9}.0 50 
Center of E pi ~ JJo. l 
- 5 " 62 25. 0 21. 8 2. 5 0 .0002 80. o 30 
Pit No. 2 
-6 " 62 23. 2 40 . 6 0.9 0 ,0002 99,0 15 
Ri dae 
-7 " 62 }8. 8 20.3 l. 2 0 . 0 97 . 0 20 
W of pit No. 2 
Compi led by G. A. Lutz end L. G. Whi te * Sec TQble UI tor results of ch emical and minereloglcal testing of these samples 
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LABORATORY TEST DATA 
I I 





Lab Name end Location Te sted Yield Cr.intent I Filter f m.1 /min \ I Layer (ft/day) I Index Index Testing 
!Jo. 'J, j, I > 10 I < 10 I > 0.005 I < 0.005 I " <I, 
SAN WIS VALLEY (Cont i nued) 
S4o-8 Cowan lease NE of Hooper 62 47, 5 1.5 . 9 1 .0 o.o 54.0 50 
W of p it No. 2 
-9 " 62 20.0 25 . 5 1.9 0 .0003 42 .0 €,o 
4• bole in p i t No. 2 
-10 " 62 45 . 0 6 . 2 1.3 0 .0003 91.0 4o 
Center of pit No. 1 
-ll " 62 45 . 0 5. 4 1.1 0.0 11.0 55 
100 ' N in p i t No. 1 
-1': " 62 47 , 5 7 . 8 0 . 9 0 .0001 95,0 4o 
200' N in pit No . l 
-13 62 30 .0 14. 8 1.4 0 . 0003 53 . 0 €,o 
100' S in pit No. l 
-14 62 32. 5 13. 3 1.0 o . ooo4 16.0 50 
200' S in pit No . l 
-15 " 62 37. 5 ll.3 1. 0 0 . 0003 95 .0 50 
300 ' S in pit No. 1 
-16 " 62 37. 5 8 . 5 o.8 0.0003 74 .0 4o 
100' W in pit No. 1 
-11 " 62 32 . 5 27.4 0.9 0 . 0003 12.0 50 
100 ' E in pit No . 1 
-18 " 62 10. 0 52,9 3.9 0 . 0003 70 . 0 0 
On road i nto pi ts 
-19 " 62 42. 5 8 . 5 1. 2 0.0006 93 . 8 €,o . 
Semple of stockpile 
-20 63 23 .8 14 .9 4.o 0 .015 5 
N of east pit 
- ll " 63 18.8 43 .8 24 . 5 0.061 0 
S side of lake (vest) 
Sl04-l Cowan lease -- NE of 62 51 .0 3. 5 0.6 
Hoope r 
•.wu-1 Trincher a Ranch 61 26. ·1 46. 8 3 . 3 O.Oll 69 . 2 10 
near Fort Garland (pink) 
- 2 " 61 37 . 3 % . 5 6 . 4 0 .010 41. 0 30 
(brown) 
-3 " 61 61.0 j•.O 6. 2 0.061 94. 8 50 
(white) 
Sll0-1 L . A. Murphy - - near Mesi t a 63 47, 5 2.0 4 . 4 0.018 98 .3 225 
S93-l J. H. ::imith -- 8 mi w 61 73. 5 3 . 9 6.4 0.011 99, 5 24o . 
of Mesite. 
-2 Braiden-Rivera -- E of 61 44 .9 1'4 .8 26 .0 0.450 93 . 5 190 
Menassa 
-3 " 61 25 . 2 40.l 25. 4 o.690 67 .9 110 
S31-3 -- l mi s of €,o 36 . 2 2.1 5. 3 0.001 32 . 5 eo 
Creede 
COLORADO RIVER BASDl 
S90-l Cut on Hy 34 (R . Fi sher) 61 31.9 9 . 4 1.1 0.0 18.3 120 . 
3 mi NW of Granby 
-2 " 61 29 .9 15. 4 1.3 0.0 28. 6 120 
S9'/ -l C. A. Forster ( gm to grey) 61 38. 6 16. 6 ll . O 0.008 €,o,4 20 . 
near Bond 
S43-l Burton-Tuttle Ranch 61 36 . o 7.0 11. l 0.009 46.9 55 . 
NW or Aspen 
S96-l J. A. Mcllul.ty -- NE of 61 23 . 0 26.0 19. 1 0. 100 €,o.4 20 
Carbondale 
-2 " 61 13 .6 6.3 47 . 5 0 . 2ll 6.9 20 
-3 61 17. l 6 . 3 25 . 8 0 . 024 17 . 6 20 
-b " 62 22 . 5 8 . 1 4.1 0.027 28. 6 40 
0 - 2' depth 
-7 " 62 30.0 1.4 
2' -8 ' depth 
4.6 0 .031 54. 8 50 . 
-4 Hemann -- near 61 21.1 6. 2 6.4 0.025 30 .9 20 
Aspen 
Sl08-l -- (Yingst - CSM) 62 ll.3 40.l 2. 2 0 . 002 35 
8 mi W of Colbren 
19-1 W. C. Rump -- Red.lands area 61 46. 5 6 . 5 1.9 0.0 20 . 9 190 . 
w of Grand Junction 
-2 61 45. 6 6.1 2.3 0.0 18.0 190 
Compiled by G. A. Lutz Md L. G. White * See Table III f or re8Ulta or chemical and miner alogical t est i ng of these samples 
30 
TABLE II 
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LABORATORY TEST DATA 
I 
Year Colloid&l. Grit I Permeability Tea t a I Mix!.ng ' 
Swell 
I 
Add ' l 
Lab Name and Location Tested Yield Content I Filter (ml/ min) l Layer ( ft/ dov\ I Index Index Teat1ng 
!lo. ' ' I > lO I < lO I > 0.005 I < 0.005 I '/, '/, 
COLORADO R1VER BASDI (Continued) 
S42-l W. C. Rump - Redlands Are a. €,Q 47, 2 9 . 4 l , 5 0.0 14. 7 170 * 
W ot Grand Junct1o_n 
-2 Redlands Water a.id Power Co, €,Q 4ll . l 9,4 3.6 0,0009 37.5 120 * 
W of Grand JWlct ion 
-3 .. €,Q 31, l 10.6 3 .4 0,0007 27.5 90 
Lime Kiln Gulch 
-4 .. 61 45,8 4. 5 2.3 0 .002 13,5 270 . 
Top layer 
-5 .. 61 33.5 2,1 2,1 0.001 11. 9 175 
Lower l ayer 
-6 L. J . Kelly cla.1.aa -- Jacob's 61 52:ii 4,0 1,0 0 . 0 0,9 700 
Ladder rd SW ot Grand Junction 
-7 .. 61 70. 5 3 .0 l. 2 0.0 7 , 1 8oo . 
Above limestone layer 
-8 L , J . Kelley cl&i.m.s 62 65.0 1. 8 0 .9 0.0 11.9 450 
-9 .. 62 47 .0 5, 9 1 .3 0 .0 46. l 320 
SlU-1 L . J. Kelley claims 63 42. 5 11. 5 1. 6 0 .0002 16.l 215 
-2 .. 63 41, 3 6 . 5 2. 5 0 .0001 1'-0.9 175 
- j .. 63 67 . 5 1. 0 1. 0 0. 0 10. 6 5€,o 
_4 .. 63 42 . 5 lo. 7 l. 4 0.0001 26.1 205 
-5 .. 63 42 . 5 7 . 5 0.9 0 .0 8 . 5 4oo 
-6 " 63 15.0 U. 8 2. 2 0 . 001 14. 0 14o 
-7 " 63 43 .8 7 .1 1. 5 0. 0002 43.6 175 
S72-l A. II . Crawford -- 6 mi S of €,Q €,o . 8 7 . 3 10.0 0 . 001 46.1 uo . 
Aust in 
-2 J . W. Peak -- near Montrose 64 70 .0 15. 2 5.0 0 . 0007 14o 
S21-3 Marshall Pa.ss c lay -- 6 mi E 61 16.4 39 . 7 2. 9 0 . 0006 53 . 5 25 . 
of Sargents 
-2 -- ( Mealy) -- m~ar 61 7. l 41. 9 18 . 1 -15 
Gunni s on 
-4 -- (Mealy) --ne ar 62 20 .4 47, 5 95. j 0 . 200 )0 
Gunn ison 
-5 P. Vi ckers -- ne ar Lake Ci ty 63 22 . 5 33 . 7 :;8.6 0 .14 
-6 Crested Butte - Los t Canyon Area 63 8 . 8 18. 2 3 .0 0. 3 99.6 120 
S84-l D. Rowan (Cornforth) -- w o f 61 43 . 5 7 . 9 6 . 9 0 .002 29 . 5 230 . 
Olathe 
SAIi JUAII RIVER BASIN 
Sl01-l I. F. Flor a -- 25 mi W 61 67 . 8 o .4 0.9 0. 0 9, 5 500 
or Pleasant V1ev 
-2 " 61 54.4 5. 9 l. l 0.0 u .4 370 
-3 .. 61 37 . 5 5.1 1.3 0 .0 12. 1 220 
_4 61 33. 6 15.3 1. 2 0.0 7. 5 18o 
S92- l S. J. McCroslcy (Walls) 61 11. 6 19. 6 19 .1 68. o 0 
30 mi N of Durango 
- 2 .. 61 27. 5 9 . 4 37.9 33 , 4 50 
3' to 5 ' depth 
S115-l BLM Deposit 63 30.0 8 . 8 7 , 8 0.12 87 . 8 Bo 
7 mi W Norvood 
YAMPA-WHITE RIVER BASIN 
S99- l Calkins (Palme r ) -- l mi 61 4o . 2 8 . 5 17.5 0 . 034 22 . 6 30 
NW of Steamboat Sprgs. 
S88-2 w_,, (Gr egory) -- 1 5 mi 61 36 . 8 6. 2 1. 4 0 . 0 29 .1 300 
S of Maybell 
-3 Wasatch (?) 61 47 .0 11. 6 6. 1 0 . 0 21. 7 220 . 
Compiled by G. A. Lutz and L. G. White * See T~le III for r esults of chemical and mi neralog i cal testing of these samples 
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LABORATORY TEST DATA 
I 





Name and Location Tested Yield Content I Filter (ml/ min) I Layer (fi/do.vl I Index Index Testing Lab 
No. 1, 1, I > 10 I < 10 I > 0 . 005 I < 0, 005 I i 1, 
YAMPA-WHI'IB RIVER BAS IN (Continued) 
S88-l Preese ( Gregory) -- 16 mi 61 33 .l 8.0 2,3 o.o 43 . l 100 
S of Maybell 
-4 " 61 5:3. 8 5,9 2. 3 0 .0007 37 .6 ll5 
- 5 
Composite o f ,, Yh ite 
61 20.6 6.4 4. a 0 . 0009 34. l 50 . 
Compos! te under wb i te 
-6 61 16. 7 20. 7 4. 7 0.0005 67 .l 100 
Yellow i n middle layer 
-7 " 61 47 . 7 10. 7 2.6 0 .001 67 .0 105 
Above yellow belov black 
-8 " 61 49. 7 2.9 2.3 0.0004 56.1 125 
Above bl ack 
-9 H. Williams -- 15 mi S 61 62 .3 3. 2 1. 8 0.0008 30.4 450 . 
o f Maybell 
-10 " 61 51.5 18.3 1. 6 o .ooo6 38.9 420 . 
$85-1 I. R. Beckett -- near 61 12. l 47 . 7 ll . l 0.030 -10 
Craig 
S75-l -- (Bo.ll) -- near 60 26 .0 8.6 2.8 0.0001 4o 
Meeker 
- 2 " 60 47 .8 7. 7 5. 2 0.0002 35 
Reddish brown clay 
-3 " 60 ll .6 3 .8 3.3 0.0008 35 
Grey to greenish clay 
- 4 -- (Sedgley) -- cut on 61 16. 3 45,3 12. 7 0.039 50.6 20 
Hy 132, 8 m.1 E o f Meeker 
- 5 " 61 16.3 48. 7 12. 8 0 .060 10.6 0 
-6 J. Urruty - - 20 mi E o f 61 33 . , 32. 4 19. 7 0.024 66 . 6 70 
Meeker 
-7 M. Villa - - near 62 20 .0 5.0 9. 6 0 .018 30. 0 20 
Meeker 
S91-l Stedtman Mesa -- 25 mi E 61 64 .o 0. 9 7.0 O.ooo6 45,9 120 
Rangely 
-2 " 61 36 .0 5.8 2. 9 0 .0005 4o. l ll5 . 
Exposed formation 
-3 BLJ,t (E of Murdock ) 25 mi E 61 41.7 8. 6 10. 6 0 .042 42.3 55 
of Rangely 
NOR'.m PLATTE RIVER BASIi! 
S89-l John Colter 62 53 . 7 
14 mi E of Wal.den 
5. 7 6 . 2 0.005 14. 7 290 
- 2 " 62 72 . 2 1. 0 4. o o.0004 16 .6 330 
Auger bole sample 
-3 " 62 59 . 4 3. 7 3. 6 0.0 12.7 420 
-4 " 62 63.8 6.1 10. 7 0.0006 17,9 18o 
Pit No . 1 (Southernmost) 
-5 62 69 . 6 2.0 4. 1 0.002 10.0 300 . 
Pit No. 2 
-6 " 62 65 .3 2. 1 2. 7 0 .0 6.3 360 
Pit No. 3 
-7 " 62 54. 2 0 .9 1. 0 0.0 4.3 620 
Pit No. 4 (Nortbenunost) 
Sl09-l N Michigan Dam 63 15.0 52. 8 4. 5 0. 150 30 
SE of Wa1den 
Cczapiled by G. A. Lutz. end L. G. Wh ite * Su Tnble tL! t or r eaults of che:m.ica.l and mineral.ogiea.l testing of these samples 
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TABLE III 
Sheet 1 of 2 
CHEMICAL AND MINERALOGICAL 
DATA 
D=sit I 
Cation Exchangeable Cations Water Soluble Cations Exchangeable C8C03 
Exchange -u •• h=- me,.hl'V'I ..... Sod i um Equiv. 
Lab Capac ity I I Ca + Ma I I Ca + Mg Percentage Name No . meq/l 001m> Na K Na K 1, 
ARKANSAS RIVER BASIN 
Poncha S48-l 82.1 22,4 l. 2 58, 5 15, l 0.1 4,3 27 .3 7 . 5 
Lam.berg s 49.3 101.l 24, 2 1.5 75,4 2. 2 < 0. 1 0. 2 23. 8 0 . 5 
" s49.8 103. 8 24, 7 1. 2 n.9 2. 2 < O.l 0. 7 23. 8 o. 8 
Kessler s34.1 103.l 8, 7 1. 8 92.6 2. 2 0.1 1.7 8 ,4 1.0 
" 034-6 9,.3 5, 4 1 ,9 90 ,0 1. 6 0 ,1 2. 4 5. 5 1.0 
Westcliffe s47 .1 64 . 4 2. 5 4.3 57,6 0 . 3 < 0.1 0. 5 3.9 1.1 
Dilley s28. 2 4o.2 10.4 2. 3 27. 5 9 , 4 0.3 3. 6 25,9 17.l 
" s28.7 41,9 9.9 1. 9 30. l 6 . 4 0.2 4, 5 23. 6 ll.O 
Mahan s73 . 2 67 ,4 0 .3 0 . 8 63.3 0 .1 < 0.1 0 , 5 0. 5 9 ,4 
Welte S6o-4 38.3 0 .3 1.4 36.6 0. 2 0,1 4, 9 0.9 2, l 
School s 44.4 50.0 24.1 2. 2 23. 7 15.3 0,2 1 . 8 48 , 2 1.1 
" s44.32 66. 5 30.0 1. 7 34. 8 15,4 0,1 2.0 45.1 0 . 4 
Wagner s 45.1 87, 5 10.6 1.1 75,8 19. 6 o. 2 23. 7 12. l 0.0 
Stough S44-21 62. 7 23. 2 1.4 38.l 6 .6 0.1 0. 4 37 . 0 1.4 
SOtrm PIATTE RIVER BASIN 
St evens S62-l 19 .9 0. 6 0 .9 18.4 0. 1 < 0.1 0.2 2. 7 0.0 
" S62- 2 9, 5 0.2 0,4 8.9 0 . 1 < 0 .1 < 0.1 2. 6 0.2 
Cox s56.1 16. 6 0.2 0 .7 15. 7 0 .1 0.1 < 0.1 l. 4 0 .0 
Bennett S67-2 12. 5 0.4 0.3 U. 8 0 . 1 < 0.1 < 0.1 3.0 0.0 
Lindsey S68-l 12.2 0. 2 0 .3 ll. 7 < 0 . 1 < 0.1 < 0. 1 1. 3 0 .0 
Stra.inland S37· 2 27, 2 o.4 1. 0 25,8 0. 1 < 0. 1 < 0.1 1. 6 0.3 
Conda S37· 5 34 . o 0. 7 1.0 32 .3 0. 1 < 0.1 0.1 2.1 0 . 3 
" S37·ll 36.6 l. 2 0 . 5 34.9 0.3 < 0.1 o.4 3.3 0 . 5 
Clove r B S55·1 22.3 1. 4 o . 7 20, 2 1.3 < 0, 1 0 . 7 6.6 3. 8 
Brick P S5"-l 24 . 7 0 . 6 o . 8 23.3 1.0 0. 1 3 .8 '· 7 2. 7 
If of Well . S31·1 38. l o,4 4.o 33. 7 0. 1 0.1 o.4 1.0 o.8 
Munroe S33-l 78,3 o.8 l. 2 76.3 0. 8 0. 2 5,9 1, 0 o.o 
533.2 78.3 1. 6 1. 7 75. 0 l. 2 0. 2 6. 2 2.1 1.1 
Warren s52.1 49, 5 0, 5 2.8 46. 2 0.2 0. 2 6. 5 0 . 9 2. 1 
W Ros e S53·1 4o.o 0.3 ·o.6 39. l 0.6 0. 1 17. 7 0 . 8 0. 2 
Pavnee S36-4 77 , 2 2, 5 3 . 3 71,4 0 . 5 0. 1 0.4 3.3 l. l 
" S36-5 50.6 3. 2 3. 7 43 . 7 1. 8 0. 1 2. 4 6 . 3 O. l 
Bartel.le S74-2 34 , 5 1 ,3 1.1 32. l 3 . 7 0. 1 ll. 8 3. 7 3. 6 
L. Chanc e S63-l 27.2 1 .2 0 .9 25. l 0.2 < 0 .1 < 0,1 4.3 3. 9 
Compiled by R. Di rmeyer and G. A. Lutz 
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pH X-ra.v Antlvsia 
(1• 5) I Main 1'on-cla:, Extract Ma..1or Clays 
Mon t / Kaol / ru/ llix / Mineral.a 
8. 5 X gyp, qt• 
8. 5 X feld 
8. 8 X f e ld, qtz 
8 .1 X Mn02 
7. 8 X Mn02 
8. l X 
8. 8 X X qtz , c a.l.c , plag 
9 ,0 X qtz, feld 
8.3 X c a.le, feld 
7. 5 
8. 7 Na qtz, feld 
8.6 X gyp,feld,qtz 
6.9 X some gyp, qtz 
8. 9 X a.tz, feld 
8. 1 X X qtz 
7 . 6 X mostly qh 
5, 6 X Tr Tr qt z , feld, e a.le 
7,8 X l /2 qtz 
7. 5 X X mostly qt~ 
7. l X X mostly qt~ 
8.o X Tr Tr qtz 
7.8 X Tr Tr qtz, chlor 
8 . 4 X qtz, chlor , feld 
1.1 X X qtz,feld, chlor 
7,9 X X qtz, fel d 
4. 1 X gyp,pl ag,calc 
7,9 X gyp,pl ag,calc 
6. 6 X qtz., teld 
7, 2 X qtz., gyp,feld 
8. 0 X qt• 
7 , 5 X X qtz., gyp, feld 
7. 7 X X X qtz.,chlor , plag 
8, 7 X X qtz., chlor , feld 
I Cation I Exch&nge 
Depos it I Lab Capacity ! 
Mam• Mo. meq/lOOgm 
Alkali S94-l 33 . 9 
Cavan S4o -19 22. 2 
Smi th S93-l 87 .0 
Gr anby S90-l 43 . 5 
Forste r S97-l 16. 5 
TUttle S43-l 15.0 
M.cNulty S96-7 56. 5 
Rump S79-l 65.u 
Rump S42-l 65. 7 
Redlands S42 -2 50-7 
" S42-4 56.0 
Kelley 842-7 75. 2 
Cr awford S72-l 57 -9 
M. Pa.ss S21-3 41, 9 
Rovan S84-l 54 . 9 
Wyman S88-3 42 . l 
Preese S88-5 36. 2 
Wi ll iams S88-9 & 10 58. 4 
Stedtman S91-2 39 . 4 
Colter S89-5 87 .0 
C-ilod by R. Di rmeyer end G. A. 
TABLE III 
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C HEM ICAL AND MINERA LOGICAL 
DATA 
Exchangeabl e Cation 
Med/100= I \later Soluble Cation I Exchangeable I c~o, Mea / l0012n Sodium Eq:iv. 
I I Ca + Mg I I I Ca • Mg I Per c ent~e Na K Na K 
SAN LUIS VALLEY 
29. 7 2. 1. 5 45_ 7 1 .3 0 . 3 87.6 1 . 7 
9.3 5.6 7.3 26. l 1. 5 0.0 41. 9 32 .3 
5. 5 1.1 Bo. 0 . 7 < 0 .1 o . 8 6 .3 0.9 
COLORADO RIVER BASDI 
16. 4 10. 2 16. 9 2. 8 0 .1 0 .6 37 . 7 2. 8 
0.3 0 . 4 15. 8 0 .1 < 0 . 1 0.8 1. 8 0.9 
0. 5 0 . " 1> . 1 0 . 5 < 0 .1 3 .0 3.3 16 .0 
0. 5 0.6 55. 4 0. 1 0.0 0.3 0 . 9 0.2 
38. 8 1. 9 24. 2 2. 4 < 0 .1 0 . 4 59.3 7. 2 
38.3 1. 5 25 .9 1. 9 0 .0 0 .3 58. 3 5.3 
34. 7 1. 3 1•. 7 19. 7 0.1 1. 8 64. 5 5. 6 
28. 1 1.3 26 .6 2.3 < 0 .1 0 . 6 50. 2 7 . 1 
>5_3 2. 2 27. 7 2. 7 0 .1 1. 0 6o.2 " · 5 
21. ,5 2. 1 34 .3 78,0 0.9 6o.7 37.0 0 .9 
2. 7 11.1 28. 1 0.1 0 . 1 0 . 3 6 . 4 0 . 5 
41.1 1. 9 11.9 39,9 0 .3 2. 5 74,9 3.1 
YAMPA-WHITE RIVER BASill 
7 . 7 1. 2 33 . 2 16.8 0 . 2 " · 5 18.3 o. 5 
14. 8 o.8 20 .6 11. 0 0 . 1 o . 8 40. 8 0.9 
37. 2 1. 6 19. 6 6. 1 0 . 1 0 .6 63. 7 0 .0 
26.6 1.1 11.7 4.9 < 0. 1 0. 6 67 . 5 1. 0 
NORTH PLA'.l'l'E RIVER BASill 




pH I X-ray Analysis 
i!; ;~ct I Ma.1or Cl avs I Main Non - c lay 
I Mont I Kaol I n i l Mix I Minerals 
9 . 5 
JD.1 X Cal.c, reld,qtz 
8. 5 X ht feld 
8.9 X X X mica, qt?., feld 
8. 4 X high qtz 
8. 2 Tr X qtz ,dol , feld 
7-7 X X bi qtt., feld 
9 . 6 X hi qtz, feld 
9 -5 X qtz, Cale 
9 .0 X Tr qtz,ce.lc,feld 
9 . 5 X hi qtz, ce.l.c 
9. 5 X hi qtz,calc, feld 
7. 7 Na Tr qtz , f eld 
6.1 fe l d, qtz 
9 , 1 Tr qtz 
7 . 5 X qtz, feld, chlor 
8. 6 hi qtz 
9 . 2 f e ld, qtz 
8 . 4 h i qtz 
8. 1 X gyp, qtz, dol, mica 
Mi ne rals 
Mont -- Monbnor i llonite 
Kao l -- Kaolinite 
I ll - - I llite 
Mix -- Mixture o f c lays 
Qtz - - Quarh 
Gyp -- Gypsum 
Feld - - Feldspar 
Cal.c -- Cal.cite 
Chlor - Chlor i te 
Dol - - Dolomite 
Tr -- Trace 
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